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TUMORS OF THE MEDULLA OBLONGATA 


IRVING S. COOPER, M.D. 
JAMES W. KERNOHAN, M.D 
AND 


WINCHELL McK. CRAIG, M.D 
ROCHESTER, MINN 


y {E FIRST report of a tumor in the medulla oblongata was that of Chevalier ' 
in 1834. Since that initial report there have appeared in the medical literature 
descriptions of a total of 57 cases of primary tumors of the medulla. Practically all 
these reports have described single cases or have mentioned the tumors in question 
incidentally in treatises on other subjects. Only two detailed studies of neoplasms 
confined to the medulla have been published The first of these was the report by 
Sokoloff * in 1887, who reported a glioma of the medulla oblongata in a 5-year-old 
boy. He collected seven cases of medullary glioma from the world literature. Chabrol, 
in 1908, was stimulated by an instance of sarcoma of the medulla oblongata, which 
he had recently observed, to review the subject of tumors of the medulla and to 
report 90 cases of various types of space-occupying lesions affecting this section 


of the brain stem. However, the original reports on which Chabrol’s review was 


based disclose the fact that in only 21 of these 90 cases were the lesions primary 


intramedullary tumors of the bulb, the others being either extramedullary neoplasms 
or non-neoplastic processes. In a report of tumors of the brain stem in 1934, Hare 
and Wolf * included three cases in which the tumor was confined to the medulla 
oblongata or involved that region principally. Foerster and Gagel,® in 1939, 
described 12 cases of astrocytoma of the brain stem, in 4+ of which the medulla was 
the site of greatest neoplastic involvement. Many of the individual reports of cases, 


particularly those of Osler® (1888), Graham * (1896), and Glynn * and of two 


ry, Mayo Foundation (Dr. Cooper) 


tion on Pathologic Anatomy (Dr. Kernohan) and the Section on Neurologic 
. the Mavo Clini 
W Case of Tumor in the Medull long: ondon M. Gaz. 14:10-15 
April) 
2. Sokoloff, N.: Zwei Falle von Gliom des centralen Nervensystems, Deutsches Arch. 
klin. Med. 41:443-471 (Dec.) 1887 
3. Chabrol, E.: Les tumeurs du bulbe, Encéphale 1:403-437 av) 1908 
Hare, C. C., and Wolf, A Intramedullary Tumors of the Brain Stem, Arch. Neurol. 
hiat. 32:1230-1252 (De 1934. 
5. Foerster, O., and Gagel, O Die Astrocytome der longata, Brucke und des Mittle- 
hirns, Ztschr. ges. Neurol. u. Psychiat. 166:497-528, 1939 
6. Osler, l Glioma of the Medulla Oblongata, J. Nerv. & Ment. Dis. 15:172-176 
(March) 1888 
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cases from the Massachusetts General Hospital,’ have afforded excellent detailed 
studies of single lesions. However, there has not been, up to this time, a clinico- 
pathologic study of any appreciable number of tumors confined to the medulla. Our 
purpose, therefore, is to describe the signs, symptoms, and pathologic features in 
15 histologically verified tumors of the medulla oblongata. 


NATURE Ol rHE STUDY 


[his series includes only cases of histologically verified tumors which were 
confined to the medulla oblongata or in which extension of the tumor cephalad 
into the pons or caudad into the spinal cord was minimal as compared with neo 
plastic involvement of the medulla itself. Metastatic malignant processes and 
invasive tumors arising outside the medulla were not included. In 14 of these cases 
the lesions were verified at necropsy; in 1 case confirmation was made surgically 
Che tumors were grouped histologically according to the classification of Bailey 
and Cushing,'’ as well as by the classification recently suggested by one of us 
(Kernohan). Since the report by Russell and Bland," which demonstrated the 
relation of spongioblastoma polare to the astrocytomas, we have listed these tumors 
in the astrocytoma group 


INCIDENCE 


Che average age of the 15 patients in this series was 26.2 years, the range being 
from 26 months to 58 years (Table 1). Five patients, or 33.3%, were in the first 
decade of life, and of these, four were less than 5 years old. There were no patients 
between the ages of 10 and 20 years, and only three in the third decade of life. 


There were three patients in the fourth decade, two in the fifth, and one in the 


sixth. Thus, it would seem, on the basis of our series, that children in the first 


10 years of life are affected considerably more frequently by neoplasms of the 
medulla oblongata than are persons of any other age group. Persons in the seventh 
and eighth decades of life are not represented in this series. This incidence according 
to the age of the patient parallels closely that of a series of pontine tumors studied 
by Turner lhe three patients who had tumors of the medulla oblongata in the 
series of Hlare and Wolf all were less than 8 years old. Alpers and Yaskin ' stated 


that most pontine gliomas occur in children, and although it is apparent that tumors 
7. Graham, J. E.: A Tumor of the Medulla Oblongata, Canad. Pract. 21:549-558 ( Aug.) 
1896. 


8. Glynn, T. R.: Tumour of the Medulla Oblongata in the Neighbourhood of the Calamus 
Scriptorius, Liverpool M.-Chir. J. 7:428-433 (April) 1887. 

9. Case Records of the Massachusetts General Hospital: Case No. 26142: Presentation 
of Case, New England J. Med. 222:597-600 (April 4) 1940; Case No. 31512: Glioblastoma 
Multiforme of Medulla, ibid. 233:792-794 (Dec. 20) 1945. 

10. Bailey, P., and Cushing, H. P.: Classification of the Tumors of the Glioma Group on a 
Histogenic Basis, with a Correlated Study of Prognosis, Philadelphia, J. B. Lippincott Com- 
pany, 1926 

11. Russell, D. S., and Bland, J. O. W Further Notes on the Tissue Culture of Gliomas 
with Special Reference to Bailey’s Spongioblastoma, J. Path. & Bact 39: 375-380 (Sept.) 1934 

12. Turner, T. R.: Tumors of the Pons; a Clinicopathological Study of 30 Histologically 
Verified Cases, Thesis, Mayo Foundation, 1944 

13. Alpers, B. J., and Yaskin, J. C.: Gliomas of Pons: Clinical and Pathologic Character- 
istics, Arch. Neurol. & Psychiat. 41:435-459 (March) 1939, 
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ot the medulla also affect the very young, they do not occur so often in children as 
do pontine gliomas. Six of the patients in our series were females and 9 were males. 


SYMPTOMS 

No typical clinical syndrome was presented by these patients with tumors of 
the medulla oblongata. Although the medulla contains five pairs of cranial nerves, 
which if involved provide signs and symptoms that are particularly helpful in the 
localization of lesions to this structure, the involvement of these nerves was not 
so frequent as might be expected. Moreover, signs of involvement of cranial nerves, 
when they were present, tended to appear late in the course of the patient’s illness. 
Tumor of the medulla oblongata is a disease of protean clinical manifestations. 

Ataxia.—The most constant symptom was ataxia, which appeared at some time 
during the course of the disease in 10 patients. Ataxia was also the most frequent 


TABLE 1.—I/ncidence of Lesion According to Age and Sex, and Duration of Symptoms Prior 


to Admission of Patients 


Duration of 
-Symptoms Prior to 
Age (Yr.) Se Admission (Mo.) 


44 
5 
26 mo 
9 


49 


early symptom in eight patients; that is, it was one of the first three symptoms to 
appear in 52% of the patients and was present at some time during the course of 
the disease in 67%. Ataxia was the initial symptom in one patient. The frequency 
of occurrence of ataxia is due to involvement of the spinocerebellar tracts and of 
the gracile and cuneate nuclei. 

Peripheral Weakness—Weakness of one or more extremities was the next 
commonest symptom, appearing in nine, or 59%, of the patients. In view of the 
prominence of the pyramidal tracts in the internal structure of the medulla 
oblongata, more frequent motor weakness might be expected. This relative infre- 
quency of involvement of the pyramidal tracts is due to the tendency of these 
neoplasms to be located in the upper two-thirds of the medulla, thereby involving 
the corticospinal pathways by means of pressure rather than direct invasion. 


Turner ** noted involvement of the pyramidal tracts in 66% of cases of pontine 


tumors. The greater frequency of occurrence of this symptom in pontine tumors 
is undoubtedly due to the more diffuse and widespread location of fibers of the 
pyramidal tracts in the pons than in the medulla. 


4 

No 

1 . 3 F 5 

3 32 F 7 

4 M 1% 

58 M 1 

6 

10 = M 

11 ees 9 F 4 

— 4 M 

13 8 

l4 M 12 

15 M 4 

\verage 6.2 6 F 10.6 

9M 
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Headache.-Headache was the third commonest symptom, being present in 


eight patients, in five of whom it was one of the three earliest symptoms to appear 
In three of these five patients headache was the initial symptom. The headaches 
were occipital or cervico-occipital in six patients. One patient complained of head 
ache localized to the vertex of the head, and in one the headache was supraorbital 
live of the eight patients complaining of headache experienced one or more signs 
of increased intracranial pressure 

Diplopia.—The next commonest symptom in the series was diplopia or, in 
children, internal strabismus of one eve, as observed by the parents. Diplopia was 
present in seven patients, or in 46%. Internal strabismus and diplopia resulted 
from frequent involvement of the abducens nerve. In several cases this involvement 
occurred as a result of direct pressure, by the enlarged medulla, on the abducens 
nerve as it courses between the pons and the medulla after emerging from the 
former. Moreover, because of its long intracranial course, the abducens nerve is 
the cranial nerve most frequently affected by increased intracranial pressure. In 
one case the intrapontine portion of the abducens nerve was involved by invasion 
of the tumor directly into the pons, although the neoplasm was located primarily 
in the medulla. Therefore, in tumors of the medulla oblongata paralysis of the 
external rectus muscles is seldom of precise localizing value. 

Vomiting.-Seven patients suffered from vomiting, in three of whom it was 
projectile in character. Vomiting was an early symptom in four of these patients 
and was the initial symptom in one. In at least three of these patients there was 
no sign of increased intracranial pressure, and it is likely that the vomiting was due 
to involvement of the dorsal motor nucleus of the vagus nerve. 

Viuimnbness and Paresthesta.—Subjective numbness and paresthesia were present 
in only six patients. In three sensory symptoms appeared early, but the symptoms 
did not initially herald the onset of the disease in any of the patients. 

Hiccup.—Hiceup was a persistent and distressing symptom in five patients and 
in two it was one of the three earliest symptoms. Three patients had persistent 
hiccup in the absence of any sign of increased intracranial pressure. 

Vertigo and Pysarthria——Vertigo and dysarthria each was present in five 
patients. In three patients dysarthria was due to involvement of the hypoglossal 
nerve; in one it was probably due to involvement of suprasegmental fibers to the 
hypoglossal nucleus, and in one the speech disorder was of the cerebellar type. 

It is seen in this survey of the nine commonest symptoms that none, with the 
possible exception of dysarthria, can be regarded as of specific localizing value. 
Headache was localized to the occipital or cervico-occipital area in 75% of the 
patients in whom it was present. Diplopia, ataxia, peripheral muscular weakness, 
vomiting, hiccup, and vertigo, although suggesting the medulla oblongata as a 
possible site of localization, cannot be regarded as pathognomonic of a lesion in 
this structure 

Other Symptoms.—Because of their unusual interest, it would seem worth while 
to mention some of the less frequent symptoms. 

lhree patients showed personality changes. These mental symptoms were appar- 
ently due to secondary cerebral changes. Intention tremor, blurred vision, and coma 


each was present in three patients. All other symptoms were present in only two 
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patients or less. Of the symptoms which appeared in only two cases, the most 
interesting were epileptiform convulsions. It is not clear whether these seizures 
were due to (1) secondary edema or a vascular lesion of the cerebrum, (2) afferent 
stimulation of the subthalamus and cortex from injury zones in the ascending 
sensory tracts, thereby initiating convulsive activity, or (3) efferent motor impulses, 
arising from damaged zones in the pyramidal tracts and acting as trigger areas, 
similar to those shown by Kugelberg ‘* to occur in injured peripheral nerve path- 
ways. Convulsions were reported in 5 of the 57 cases of medullary tumors in the 
literature. 

Tinnitus was present in two patients, in one of whom unilateral nerve deafness 
was demonstrable. Noyes and Dana '*® and Gray '® reported tinnitus in individual 
cases of bulbar neoplasms. 

SIGNS 

Cranial Nerves.—Signs referable to the cranial nerves were noted in seven, or 
46%, of the patients in this series, and when present they tended to be multiple. 
Two patients had involvement of the oculomotor nerve, as evidenced by absence 
of pupillary reaction both to light and in accommodation. This sign was bilateral 
in one patient and unilateral in the other. One patient had weakness of the temporal 
and masseter muscles unilaterally, suggesting involvement of the trigeminal nerve. 
Pathologic study did not reveal any neoplastic invasion of the pons or midbrain in 
patients exhibiting signs referable to the oculomotor or trigeminal nerve. Six 
patients presented signs of involvement of the sixth cranial nerve, as evidenced by 
internal strabismus or varying degrees of weakness of the external rectus muscle. 

The facial nerve was the most frequently affected cranial nerve, signs of facial 
weakness being present in all seven patients in whom signs of involvement of cranial 
nerves were noted. Signs of injury to the glossopharyngeal and vagus nerves were 
noted four times. The hypoglossal nerve was involved three times, and the spinal 
accessory nerve twice. 

Pyramidal and Extrapyramidal Signs.—Signs of involvement of the pyramidal 
tract and of areas outside the pyramidal tract, that is, muscular weakness, the 
Babinski reflex, or increased deep reflexes, were the most frequently encountered 
neurologic abnormalities. They occurred in 12 of the 15 patients. In nine patients 
these signs occurred bilaterally. 

Ataxia and Nystagmus.—Ataxia was noted in nine patients and often was so 
severe as to interfere with locomotion. Nystagmus was present in eight and inco- 


ordination of the upper extremities in six patients. These “cerebellar” signs were 


14. Kugelberg, E.: “Injury Activity’ and “Trigger Zones” in Human Nerves, Brain 
69:310-324 (Dec.) 1946. 


15. (a) Kjelberg, cited by Chabrol.2 (b) Noyes, H. D., and Dana, C. L.: Tumor of the 
Medulla and Left Anophthalmus, Boston M. & S. J. 122:304 (March 27) 1890. (c) Newman, 
F.: Case of Sarcoma of the Medulla, Projecting into the Fourth Ventricle, Intercolon. M. J. 
Australia, Melbourne 8:631 (Dec.) 1903. (d) von Slotow, G.: Diffuses Gliom der Medulla 
oblongata im Kindesalter, Monatsschr. Psychiat. u. Neurol. 23:445-446, 1908. (¢) Brunel, M.: 
Sur une variété de tumeurs du tronc cérébral: des tumeurs intra-bulbaires, Gaz. méd. France 
45:395-396 (April 1) 1938. 

16. Gray, A. A.: A Case of Tumour of the Medulla and Pons Causing Deafness and Other 
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frequently present simultaneously and in several instances led to a clinical diagnosis 
of cerebellar tumor, particularly in children. 


Impairment of Somatic Sensory Perception.—Impairment of somatic sensory 
perception (pain, touch, temperature) occurred in four patients, and one presented 
unilateral hyperesthesia. The latter occurrence is not readily explained in a case 
in which the pathologic process was confined to the medulla oblongata. Although 
a secondary vascular thrombosis was not noted on pathologic study, such a lesion 
may have been present in the thalamus to account for this perversion of touch and 
pain perception. 

Intracranial Pressure.—Signs of increased intracranial pressure were present 
in six patients, in all of whom papilledema was observed. These findings are 
summarized in Table 2. 


Astereognosis.—Astereognosis was noted in one patient. Astereognosis was 
regarded by Nielsen and co-worker '? as impairment of the faculty of recognition of 
the shape and texture of objects in the absence of any impairment in light-touch per- 
ception. It is regarded as a specific tactile agnosia and is thought to result from 
a lesion of the parietal lobe. Roussy and Lévy '* reported a case of glioma of the 
Tasite 2.—Signs of Increased Intracranial Pressure in Six Cases of Primary Tumor 
of the Medulla Oblongata 


Number of 


Sign Times Noted Per Cent 


Papilledema 


X-ray evidence (enlarged sella turcic: t 


Elect roencephalogram 
Macewen's sign 


Tense, bulging for 


medulla in which the presence of astereognosis had resulted in a mistaken diagnosis 
of a lesion of the parietal lobe, in consequence of which surgical exploration of the 
parietal region was performed, with negative results. It is likely that in our case, as 
well as in that of Roussy and Lévy, astereognosis was due to impairment of fibers 
mediating position sensation, which traverse the medulla. Consequently, the concept 
of astereognosis as a specific type of agnosia pathognomonic of a lesion of the parietal 
lobe must be regarded with caution when this finding is evaluated clinically. 

Glycosuria.—The presence of glycosuria in patients with bulbar tumors has been 
mentioned frequently by earlier authors.'® Only one of our patients had glycosuria ; 
this patient had a hemangioendothelioma of the medulla oblongata associated with 
cystic disease of the pancreas. 

Clinical Syndromes.—It is possible to distinguish no less than six distinct clinical 
syndromes presented by these 15 patients. First, signs due to involvement of cranial 


17. Nielsen, J. M., and FitzGibbon, J. P 


\gnosia, Apraxia, Aphasia: Their Value in 
Cerebral Localization, Los Angeles, Los Angeles Neurological Society, 1936. 

18. Roussy, G., and Lévy, G.: Existence d'une dissociation, dite corticale, des troubles de la 
sensibilité, par atteinte bulbo-protubérantielle et médullaire supérieure, Rev. neurol. 1:145-162 
(Feb.) 1930 
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nerves, pyramidal tracts, and cerebellar tracts; second, signs referable to cranial 
nerves and pyramidal tracts without cerebellar signs; third, cerebellar signs and 
symptoms alone; fourth, signs referable to the pyramidal and somatic sensory 
tracts alone; fifth, an objectively normal nervous system, with no neurologic signs ; 
sixth, syncopal and convulsive types, with episodes of syncope and convulsions as 
the chief characteristics. 
REPORT OF CASES 
Six illustrative cases are presented briefly. Physical findings not herein referred 


to may be presumed to have been normal. 


Case 2.—A miner aged 39 was first seen at this clinic complaining of occipital headache 
4% four months’ duration. Twenty months prior to admission he had noted the sudden onset of 
diplopia, and in the ensuing period, prior to his admission, he had been troubled by hoarseness, 
slurred speech, fatigability, and several episodes of a projectile type of vomiting. 

Significant results of neurologic examination were horizontal nystagmus on gaze to the right 
or left ; paralysis of the left external rectus muscle, and paresis of the entire left side of the 
face, the left vocal cords, and the left side of the tongue. In addition, there were hemiparesis 
on the right, with increased deep reflexes, and pronounced ataxia of all extremities. A roent- 
genogram of the skull revealed enlargement of the sella turcica, suggestive of increased intra 
cranial pressure. 

Suboccipital craniotomy was performed; the medulla oblongata was seen to be diffusely 
enlarged, as though by an infiltrating neoplasm. The patient died suddenly on the seventh post- 
operative day. 

Necropsy revealed the medulla to be uniformly enlarged and to measure 4 by 2.6 cm. On 
cross section the medulla appeared congested. A smooth, gray-white tumor appeared to fill 
the entire medulla, extending into the upper part of the cervical portion of the spinal cord and 
into both restiform bodies. Microscopic examination revealed the neoplasm to be an astro- 
cytoma, Grade 1, composed almost entirely of bipolar spongioblasts. 


This patient exhibited symptoms and neurologic signs referable to the pyramidal 
and “cerebellar” systems, as well as signs of involvement of multiple cranial nerves. 


Case 5.—A farmer aged 58 was seen at the clinic in August, 1930. Five weeks prior to his 
admission, the patient noted the sudden onset of diplopia and right internal strabismus. Simul- 
taneously, headache, localized to the vertex of the head, began to occur daily. Two weeks prior 
to the patient’s admission he had noticed weakness of the right arm and leg, which progressed 
to complete paralysis of these extremities. Ten days prior to his admission, dysphagia had 
developed rapidly, and feeding by tube became necessary. 

Neurologic examination revealed nystagmus of the left eye on medial or lateral gaze. The 
right external rectus muscle was completely paralyzed, and there was moderate weakness of the 
muscles of the left side of the face and of the right half of the tongue. There was no voluntary 
motion of the left extremities, and sensory perception for all modalities was absent in these 
extremities. Twelve hours after his admission, the patient died suddenly in acute respiratory 
failure 

Necropsy revealed diffuse enlargement of the right half of the medulla oblongata, extending 
from the caudal border of the pons Varolii to the upper region of the cervical part of the spinal 
cord. On cross section, this section of the cord appeared reddish and necrotic. Microscopic 
examination revealed a fibrillary astrocytoma, Grade 1, diffusely infiltrating the upper two- 


thirds of the medulla oblongata. 


In this case, the patient’s entire illness lasted only five weeks, and three cranial 
nerves, the pyramidal tract, and the medial lemniscus were involved, without 
cerebellar signs or symptoms. The low grade of malignancy of this neoplasm, from 


the standpoint of microscopic characteristics, was not in keeping with the rapidly 


fatal course of the patient’s illness. 
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Ca \ farmer aged 44 was admitted to the clinic complaining of cervico-occipital 


e, of 10 mon and of recurrent hiccup and vertigo, of 3 months’ duration 


n were without significance except for stiffness of the neck 


and minimal nystag grams demonstrated complete block at the level of the fourth 


ventricle. Cerebrospir ned during tapping of the ventricles contained 4,000 mg. of 


protein per 100 cx 


Suboecipital craniotomy was performed; the medulla oblongata was seen to be the site of a 

large cyst, the contents of whi were evacuated. A reddish granular tumor was then seen 

xtending fr the floor of the fourth ventricle into the substance of the medulla oblongata 
enlarging it in a fusiform mannet he patient died eight hours after operation 


In addition to the tumor seen at operation, which occupied the upper two-thirds of the 


medulla, there was a syringomyelic cavity of the lower part of the medulla and the upper part 
it the cervical region of the spinal cord, as well as a small tumor nodule, 5 by 7 mm., in the 
11 


right hemisphere of the cerebellum. The neoplasm of the medulla, as well as that of the 


cerebellum, was a typical hemangioendothelioma. A hemangioendothelioma of the medulla is 


pictured in Figure 1 


This case exemplifies a tumor of the medulla oblongata which produced no 


demonstrable neurologic signs 


CASE 7 \ girl aged 5 vears was observed by her parents to stagger when walking. She 


in voiding. Several months after the onset of the 


Fig. 1.—(a) Marked enlargement and discoloration of medulla oblongata produced by 
hemangioendothelioma; (/) longitudinal section of medulla oblongata, showing invasion of the 
bulb by this tumor 


staggering gait, the patient complained of pain in both eyes. At this time, she was observed to 
have bilateral internal strabismus, which disappeared after two weeks. Dysphagia, weakness 
of the left extremities, and cervico-occipital pain had developed, and the patient was admitted 
to this clinic eight months after the onset of symptoms. 

The only sign of involvement of a cranial nerve was failure of the pupils to react to light 
or in accommodation. There was hemiparesis on the left, with increased deep reflexes and 
Babinski and Chaddock responses on the same side. Roentgenograms of the head revealed 
secondary pressure erosion of the sella turcica, The patient became stuporous and died in acute 
respiratory failure three days after admission. 

Postmortem examination revealed the medulla oblongata to be enlarged to twice its normal 
size by a white, firm neoplasm which occupied the upper two-thirds of the structure and blocked 
the fourth ventricle. Microscopic examination revealed the tumor to be a fibrillary astrocytoma, 
Grade 1 


In this case, neurologic signs referable almost solely to the pyramidal and sensory 
tracts were exhibited. The clinical picture was very similar to that of the demye- 
linating encephalitides 


Case 9 \ white girl aged 9 years awoke one morning with a severe headache and within 
a few moments was screaming with pain and seemed irrational. This episode lasted six hours 


Results of the neurologic examinatio 
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and was relieved after the patient vomited. There were no more symptoms for one month, 


after which time the child had daily, early-morning occipital headaches, sharp and knife-like 
in character. On two occasions her left forearm and hand became numb and weak, this sensa 
tion lasting from three to five minutes each time 


She was seen at the clinic six months after the initial episode, at which time neurologic 


examination revealed no observations referable to the cranial nerves, pyramidal tract, or 


somatic sensory faculties. Significant results of neurologic examination were bilateral impair- 
ment of the finger-to-nose and heel-to-knee tests, ataxia, hyporetlexia in both lower extremities, 
ity, and minimal nystagmus on lateral gaze. Bilateral papilledema measured 4 D. 


on the left and 3 D. on the right. The perimetric visual fields revealed an enlarged blind spot 


bilaterally. A roentgenogram of the head revealed extensive destruction of the sella turcica 


secondary to increased intracranial pressure. The clinical impression was that of a neoplasm 
1 


f the posterior cranial fossa, probably cerebellar 


Surgical exploration revealed a large tumor originating in the medulla oblongata, which was 


enlarged to twice normal size. The neoplasm was seen to be growing around the medulla and 
| 


1 


le pons, displacing the left cerebellar lobe laterally Phe part of the tumor 


which was not intrinsic in the medulla oblongata was removed. The patient died suddenly on 


the caudal end of t 


the fifth postoperative day, after a bout of acute dyspnea 
Microscopically, the tumor was ependymoma, Grade 2, of very cellular nature, simulating an 
istrocytoma. In some areas of the lesion, however, there was a typically epithelial type of 


ependymal-cell formation; oligodendrocytes also were noted 


This case is an instance of a tumor of the medulla oblongata in which there were 
no signs or symptoms due to involvement of the cranial nerves or pyramidal tract 
\ll the symptoms appeared clinically to be due to increased intracranial pressure, 


and the neurologic signs were limited to those of the “cerebellar” type 


Case 10 \ man aged 49 was first seen at the clinic in February, 1940. At that time, his 


complaints were general malaise, lassitude, anorexia, and fatigability, of 16 months’ duration 
For one year he had been subject to episodes of lightheadedness and blackness before his eyes 
when rising to a standing position. For the same period he had been troubled by hiccup occur 
ring daily, after meals, and lasting 30 to 60 minutes. For six months prior to his initial visit 
to the clinic the patient had noted a feeling of “lifelessness” in his left extremities. Although 
sensory perception was normal, these extremities felt “dead.” The patient’s wife said that for 
the preceding two years the patient had been depressed and uninterested in his surroundings 
She noticed that he had staggered on one or two occasions while walking. Results of neurologic 
examination, general physical examination, and laboratory examinations, including a roentgeno- 
gram of the head, had been normal at the first visit 

The patient was next seen 10 months after his initial visit. He complained at this time of 
choking on solid foods during the preceding eight months. For five months prior to this visit 
he had been subject to sudden episodes of extreme weakness, which caused him to fall to the 
floor but during which there was no impairment of consciousness. In October, 1940, convulsions 
had begun to occur; originally, they were tonic, consisting of loss of consciousness with extreme 
opisthotonos and tonic extension of the extremities, and lasting about 10 minutes. During the 
week previous to his admission, however, the patient had had several generalized convulsions 
with both tonic and clonic elements, the clonic element usually being confined to, or starting in, 
the left upper extremity. The patient also complained of occipital headaches and weakness of 
the left extremities. He stated that the most distressing symptom was paroxysmal coughing, 
occurring particularly at mealtime 

Neurologic examination revealed bilateral nystagmus on lateral gaze in either direction. 
There was questionable weakness of the left side of the palate and the left side of the tongue. 
Sensory perception was intact, except for impaired position and vibration sensation in the left 
lower extremity. Ability to perform the finger-to-nose and heel-to-knee tests was minimally 
impaired on the left. There was no papilledema. Roentgenograms of the head disclosed no 
abnormality. Examination also revealed extreme postural hypotension. Two days after admis- 


sion the patient had a generalized convulsion and died in acute respiratory distress. 
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Postmortem examination revealed marked enlargement of the medulla oblongata by an 
infiltrating neoplasm, which formed a protrusion, 3.5 cm. in its greatest dimension, on the left 
lateral surface of the medulla. The greater portion of the neoplasm was confined to the left 
superior aspect of the medulla, but it also extended across the midline to involve the right half 
of the bulb. The tumor extended from the inferior aspect of the roof of the fourth ventricle to 
the level of the pyramidal decussation. Microscopically, the neoplasm proved to be a glioblas- 


toma multiforme (astrocytoma, Grade 3). This neoplasm is pictured in Figures 2 and 3 


This case illustrates many of the diagnostic pitfalls which may be encountered 
in cases of neoplasms of the medulla oblongata. The neurologic consultants who 
examined this patient recorded several factors which militated against the possi 


bility of a tumor of the posterior cranial fossa: (1) the length of illness, 26 months, 


Fig. 2.—(a) Ventral view of medulla oblongata in Case 10, showing diffuse enlargement of 
upper two-thirds of bulb; ()) dorsal view of medulla in same case, showing diffuse manner 
of enlargement; (c) cross section of brain stem, demonstrating enlargement of bulb by infil 
trating neoplasm and petechial hemorrhage; (d) cross section of bulb, 2% times actual size 
showing infiltrating character of tumor 


during most of which time the symptoms were vague and ill-defined; (2) absence 


of definite signs of involvement of the cranial nerves: (3) absence of signs of 


increased intracranial pressure, and (4+) presence of epileptiform convulsions. The 


significance of the marked postural hypotension was also difficult to interpret 


PATHOLOGIC ASPECTS 
In this series 11 of the neoplasms were gliomas: Seven were astrocvtomas, 
Grade 1; 2 were ghoblastoma multiforme (or astrocytomas, Grades 3 and 4): 1 


was a very cellular ependymoma, and 1 was an oligodendroglioma. Four of the 
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Fig. 3—(a) Section of neoplasm in Case 10, demonstrating pleomorphism, cellularity, and giant- 
cell formation of a glioblastoma multiforme (hematoxylin-eosin stain; x 125); (b) higher magnifi- 
cation of same section, allowing a closer view of tumor giant cell (hematoxylin-eosin stain; « 425); 
(c) Bodian-stained section of same tumor, demonstrating preservation of axis-cylinders of medulla 
oblongata in presence of a malignant invasive neoplasm. This preservation accounts for the relative 
preservation of neurologic function in the presence of an infiltrating glioma (x 500). 
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tumors were hemangioendotheliomas. Since the histologic characteristics of these 
neoplasms were the same as those of similar tumors situated in other parts of the 
brain, detailed gross and microscopic descriptions will not be given. 

Phe duration of symptoms prior to admission of the patients who had hemangio- 
endothelioma was 10.9 months, essentially the same as the average of 10.6 months 
for patients in the entire series and of 10 months for patients who had gliomas. 
Ihe two patients who had a glioblastoma multiforme in this series had symptoms 


24 months, respectively, prior to their admission. 


COMMENT 


The most outstanding feature in the cases of tumor of the medulla oblongata 
reported in the literature, as well as in the cases in the present report, is the extreme 
variability of the svmptoms and signs presented by individual patients. It seems 
somewhat paradoxical that tumors affecting this small segment of the brain stem 
should produce such widely varying clinical pictures. Cimbal *° reported two cases 
of glioma of the medulla oblongata in which the gross and histopathologic pictures 
in the one were almost identical with those in the other. One of his patients had 
symptoms and signs referable to the cranial nerves, the spinocerebellar system, and 
the pyramidal tract, while the second patient died after an illness characterized only 
by lassitude, vomiting, and high fever 

\nother incongruous feature of many of these cases is the tremendous size of 
the tumor revealed at necropsy, in contrast with the relative paucity of neurologic 
signs demonstrated. Hare and Wolf, Schmidt,?! and Newman '** commented on 
this aspect of the disease. Lhermitte and Guccione ** demonstrated histologically 
that it is the persistence of axis-cylinders, by virtue of their relative resistance to 
pressure phenomena in the midst of an infiltrating glioma, that accounts for the 
comparative preservation of neurologic function in the presence of large neoplasms. 
The similar resistance of ganglion cells undoubtedly is responsible for the infre- 
quency of occurrence of signs of involvement of cranial nerves. (Babonneix and 


Vincent,** Stevenson and Friedman,** Roussy and Lévy,'* and many others pointed 
out the pitfalls encountered in the diagnosis of tumors of the medulla. Newmark 


and Lennon,** Starr,** and Oppenheim ** reported cases in which medullary tumors 


sunulated tumors of the cerebellum.) The lesion in our Case 9 was of this type. 


20. Cimbal, W Beitrage zur Lehre von den Geschwiilsten im 4. Ventrikel, Arch. path. 
Anat. 166:289, 1901 
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23. Babonneix, L., and Vincent, C.: Tumeur bulbo-médullaire, Rev. neurol. 63:702-705 
1935 
Stevenson, L. D., and Friedman, E. D.: Tumours Involving the Ventral Aspect of the 
Pons and Medulla, Including 2 Chordomas, Brain 59:291-301 (Oct.) 1936. 
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Fig. 4—(a) Appearance of entire brain after sudden death caused by a large cystic astrocytoma 
of medulla oblongata; (b) close-up view of cystic mass completely disfiguring medulla; (c) 
cross sections of medulla, demonstrating cystic and neoplastic destruction of bulb. 
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The incongruity between the histologic picture and the duration of the disease has 
already been mentioned. 


One other outstanding feature of these cases is the frequency of sudden, 


unexpected death from acute respiratory failure. Each patient with a neoplasm 


affecting the medulla oblongata is a potential victim of sudden death, as emphasized 
by this occurrence in the cases of Virchow ** (1864) and Collins *° (1897) and 
the frequency of sudden respiratory death in our own cases. A cystic astrocytoma 
which was asymptomatic until it resulted in sudden, unexpected death is pictured 
in Figure 4. 
SUMMARY 

The clinical signs and symptoms and the pathologic findings in 15 patients with 
primary tumor of the medulla oblongata are reported. The protean nature of the 
clinical manifestations of tumors of the medulla is emphasized. Of the 15 neoplasms, 
7 were astrocytomas (Grade 1); 2, astrocytomas (Grades 3 and 4; glioblastomas 


2); 1, an oligodendroglioma, and 4, 


multiforme); 1, an ependymoma (Grade 
hemangioendotheliomas. The most frequent symptoms of these patients were 
ataxia, muscular weakness, diplopia, headache (usually cervico-occipital), and 
vomiting. Diplopia, ataxia, and headache were the most frequent early symptoms. 
The neurologic signs most frequently encountered were those of the pyramidal and 
extrapyramidal tracts, ataxia, nystagmus, incoordination of the upper extremities, 
and signs of involvement of the cranial nerves. Nine of the 15 patients presented 
bilateral signs. Six had evidence of increased intracranial pressure 


The Mayo Clini 
28. Virchow, R , cited by Chabrol 


Collins, J 10 Medulla oblongata, Deutsche Ztschr. Nervenh. 10:453-466 


(July 8) 1897 


282 

| 


NEUROPSYCHIATRIC ASPECTS OF CUSHING’S SYNDROME 


WILLIAM H. TRETHOWAN, M.B., M.R.C.P., D.P.M. 
AND 


STANLEY COBB, M.D. 
BOSTON 


‘N INCE Harvey Cushing’s original description of a disease occurring in associa- 
tion with basophile adenoma of the pituitary gland,’ it has become widely 
recognized that the characteristic clinical picture may occur not only in association 
with this specific anatomical lesion, but with a wider variety of pathological condi- 
tions.* Thus, it has become customary to speak of Cushing’s syndrome rather than 
of Cushing’s disease, and to apply the latter term, if at all, to those cases in which 
a basophile adenoma is demonstrable. Furthermore, it now seems clear that, what- 
ever additional pathological changes are uncovered at autopsy, the clinical picture 
of both Cushing’s disease and Cushing’s syndrome can be regarded as the result of 
adrenocortical hyperfunction, whether neoplastic or hyperplastic in anatomical 
expression. 

As this study, therefore, is concerned principally with neuropsychiatric aspects, 
which are in themselves of a primary clinical nature, only the term Cushing’s syn- 
drome will be used in reference to the cases described. However, mention will be 
made later of certain pathological conditions within the central nervous system 
which are of interest in their possible relation to some of the mental changes 
described, although whether these are of primary etiological importance or sec- 
ondary to adrenal hyperfunction cannot as yet be positively determined. 

It is not proposed to enter into any detailed description of the purely physical 
manifestations of this syndrome. Most of these are generally known and have been 
well described by Albright ** and other authors. Some of the physical changes, 
such as disfigurement, which may be striking and is produced by obesity, changes 
in the skin, hirsutism, and spinal deformity from osteoporosis, are worthy of further 


consideration, owing to their psychological implications. The same may be said of 


the muscular weakness and fatigability which commonly occur, and of impotence 


Dr. Fuller Albright and Dr. Anne P. Forbes and their associates at the Massachusetts 
General Hospital allowed ready access to their case records and personal files. 

From the Psychiatric Service of the Massachusetts General Hospital, the Massachusetts 
General Hospital Branch of the Hall-Mercer Hospital, and the Department of Neurology and 
Psychiatry, Harvard Medical School. 

1. Cushing, H (a) Bull. Johns Hopkins Hosp. 50:137, 1932; (b) Further Notes on 
Pituitary Basophilism, J. A. M. A. 99:281 (July 23) 1932 

2. (a) Albright, F.: Harv. Lect. (1942-1943) 38:123, 1943. (b) Albright, F., and Mac- 
Mahon, H. E.: Bull. New England M. Center 3:35, 1941. (c) Kepler, E. J., and Locke, W. 
Textbook of Endocrinology, Editor, R. H. Williams, Philadelphia, W. B. Saunders Company 
1950, p. 180 
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and loss of libido. In addition, there are alterations in the metabolism of sugar, 
protein, and electrolytes, some or all of which may be, and probably are at times, 
intimately concerned with mental abnormality. 

\lthough Cushing's syndrome can be considered a relatively uncommon dis- 
order, in view of the interest taken by some psychiatrists in the mental changes 
occurring in association with other forms of endocrine disorder, it is perhaps sur 
prising that on the whole the condition should have received from them such scant 
attention. Writers on endocrinology have been more prolific. Soffer * gives some 
information, though he deals chiefly with the mental manifestations of the adreno 
genital syndrome. Kepler and Locke,** however, believe that severe mental disorder 
is more prevalent in patients having Cushing’s syndrome than in those in whom 
symptoms of the adrenogenital syndrome predominate. Cushing himself mentioned 
the occurrence of mental symptoms in a number of the cases which he described, 
although he made no further reference to these disorders in his summary of the 
characteristics of the disease." 

In addition, there have been from time to time descriptions of isolated cases of 
Cushing’s syndrome occurring in association with psychosis or other severe mental 
disorder, Oldenberg * described one such case and referred to a number of others. 
including that of Maclay and Stokes.® The latter, in addition to the case they them- 
selves described in detail, enumerated the chief abnormal mental findings in a 
number of other cases, details of which they obtained from the study of medical 
records. Lintz® described three cases, and, although many of his conclusions were 
of a somewhat speculative nature, he stated the belief that some psychiatric abnor- 
mality occurs in the majority of cases and, while occasionally severe and obvious, 
is nuld in most cases, and therefore overlooked 

An estimate of the total incidence of mental disturbance was made by Jonas,’ 
who in 1935 reported that this complication occurred in 20.5% of cases of Cushing’s 
syndrome. More recently, Merritt, in a conference talk at the Institute of Living, 
noted that psychotic manifestations developed in 7 of 34 cases, a figure which 
coincides closely with the previous estimate. There is, however, reason to believe 
that if minor mental changes be taken into account the over-all incidence is even 
higher 

In addition to, and apart from, cases with psychiatric complications, cases with 
pathological involvement of the central nervous system have been recorded, and 
the possible association of these findings with mental abnormality have been dis- 
cussed. Schlezinger and Horwitz * described a patient with mental changes of a 
depressive nature and physical signs of extrapyramidal disease in whom autopsy 
revealed changes in the right frontal lobe. These lesions, in their opinion, suggested 
the possibility of an encephalitic-neuroendocrine disorder. Oldenberg * advanced the 


view that Cushing’s syndrome may be a postencephalitic phenomenon or a sequel 


of encephalosis [sic] complicating pertussis or other acute infectious disease. 


Heinbecker’s '° discovery of atrophy of the paraventricular nuclei of the hypo 


3. Soffer, A.: Diseases of the Adrenals, Philadelphia, Lea & Febiger, 1946, p. 218 
Oldenberg, | Schweiz. Arch. Neurol. u. Psychiat. 59:319, 1947 
Maclay, W. S., and Stokes, A. B Neurol., Neurosurg. & Psychiat. 4:110, 1938. 
Lintz, W.: M. Times, New York 69:424, 1941 

. Jonas, V.: Casop. lék. éesk. 74:1913, 1463, 1935. 
Merritt, H. H Digest Neurol. & Psychiat., Inst. of Living 19:108 (March) 1951. 
Schlezinger, N. S., and Horwitz, W. A Am. J. Psychiat. 96:1213, 1940 
Heimbecker, P di :225, 1944 
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thalamus is of interest, but, in addition, in three of six cases of one series described 


by him? and in one of two other cases '' some degree of internal hydrocephalus 


Was present, and in some instances other pathological changes in the brain were 


noted. In only one of all his cases, however, did he refer to the occurrence of 
mental derangement. 

Recent experiences with psychiatric illnesses, of both minor and major propor 
tions occurring as a complication of therapy with corticotropin ''* and cortisone, such 
as those that have been described by Clark, Bauer, and Cobb '*; Hoefer and 
Glaser,'* and Merritt,” have led to the not unreasonable belief that they may have 
a connection with the mental changes which have been observed in Cushing’s 
syndrome. In addition, Merritt and others have pointed out that many of the 
physical side-effects observed during corticotropin and cortisone therapy are remi- 
niscent of those resulting from the adrenocortical hyperfunction seen in Cushing’s 
syndrome. On the surface, it would at least seem possible that the accidental 
production of mental symptoms by these therapeutic agents, in the first instance, 
may parallel the spontaneous and endogenous occurrence of similar phenomena, 
in the second. It is this matter, which will be discussed, that has primarily been 
responsible for arousing our interest in the subject. 

The material on which this paper is based has been obtained from the study 
of a series of 25 patients with Cushing’s syndrome, all of whom have been seen 
at the Massachusetts General Hospital during the last 16 years. There has been 
no selection of cases, and all cases in which the diagnosis was made and in which 
records were available have been considered. For convenient comparison, the basic 
relevant facts on all these cases are presented in tabulated form (Table 1). 

One patient with severe mental symptoms (Case 1) has been followed exten- 
sively ; one (Case 2) was seen after recovery, and five others (Cases 4, 6, 17, 24, 
and 25) were seen and studied during some stage of their illness or recovery 
Further information concerning these and 18 other patients has been gleaned from 
a study of their medical records. Although these records are extensive as regards 
physical and biochemical findings, details of the psychiatric aspects tend to be 
somewhat scanty, except for the four patients who exhibited the greatest degree 
of mental disturbance and who have been studied more fully. 

In three of the cases of less severe disturbance in which there was opportunity 
for personal assessment after perusal of the records, and in which a psychiatrically 
oriented inquiry was made, it became clear that the mental symptoms were some- 
what more extensive than was at first apparent." 


11. Heinbecker, P., and Pfeiffenberger, M.: Am. J. Med. 9:3, 1950 

Ila. Corticotropin is the generic term for the adrenocorticotropic hormone, often abbreviated 
to ACTH. 

12. Clark, L.; Bauer, W., and Cobb, S.: New England J. Med., to be published. 

13. Hoefer, P. F. A., and Glaser, G. H.: Effect of Pituitary Adrenocorticotropic Hormone 
(ACTH) Therapy Electroencephalographic and Neuropsychiatric Changes in 15 Patients, 
J. A. M. A. 143:620 (June 17) 1950; Proceedings of First Clinical ACTH Conference, 
Toronto, The Blakiston Company, 1950, p. 536. 

14. Further information on five other patients in the series was obtained from a description 
of their personality and behavior by an observant head nurse who had been intimately concerned 
with their care and treatment while in the hospital. For four of these patients the same con- 
clusion could be drawn as for the patients seen personally, namely, that the degree of dis- 
turbance was more than that evident from mere perusal of the records; in the fifth patient, in 


whose notes there was no record of mental symptoms, this apparent normality was confirmed. 
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Classification of the patients according to the degree of disturbance becomes, 
therefore, somewhat arbitrary. Few would disagree that at least three, and possibly 
four, of the patients could be classified as “psychotic” ; however, this term will not 
be employed, as it is believed that all degrees of abnormality may be observed in 


this series. Instead, for comparative purposes, it has been found convenient to 


Taste 1.—Clinical Data on Twenty-Five Cases of Cushing's Syndrome 


Approxi- 
mate 
Leneth of Mental Principal 
History Anatomical Diagnosis Symptoms* Treatment Outcome 
mo Adrenal hyperplasia be Operation Recovery 
lyr Adenoma of right adrenal +++-+ Operation Recovery 
IS mo Adenoma of left adrenal +++4 Operation Recovery 
tyr Adrenal hyperplasia Operation: Partial remission; now 
irradiation hypoadrenalism 
Myr Adrenal hyperplasia; t Irradiation Partial remission; death 
basophile adenoma of cerebral hemorrhage 
Adrenal hyperplasia +(+) Operation; Current case; still hyper 
irradiation tension 
Adenoma of right adrenal ++(+) Operation Death after operation 
Adenoma of right adrenal + Operation Death of congestive 
(gall heart failure after 
bladder) operation 
Adrenal hyperplasia Operation Partial remission; still 
mild symptoms 
Adrenal hyperplasia Operation; Not fully known (7%); 
irradiation some hypoadrenalism 
Adrenal hyperplasia t Operation; Current case (?); further 
irradiation treatment needed 
Adrenal hyperplasia - Operation; Postoperative death of 
irradiation pulmonary embolism 
Carcinoma, left adrenal + Nil Death 
Adrenals reported to be Irradiation: Remission 
normal size (7%) adrenal biopsies 
Adrenal hyperplasia - Operation; Recovery 
irradiation 
Adrenal hyperplasia t Operation Recovery 
(unilateral) 
Adenoma, left adrenal $ Operation; Recovery 
radiation 
ft adrenal Operation Death, postoperative, of 
cardiac failure 
Adrenal hyperplasia Irradiation Recovery 
idrenal biopsie 
Adenoma, left adrenal Operation Recovery 
\denoma, left adrenal Operation Recovery 
Adrenal hyperplasia +4 atior Remission 
nal biopsies 
arcinoma, left adrenal - i Death due to secondary 
metastases 
, left adrenal +--+ (+ Operation Recovery 
\drenal hyperplasia t Operation Current case 


nd ntal symptoms; +4+-, moderate severity; + and +(+-), mild mental symptoms; (+), mental 


sympt« ant. Parentheses indicate some doubt in assessing severity 


group the patients into five categories according to the severity of their mental 
syiliptoms 


This placing is based on the quantity, type, and relative severity of 
symptoms recorded in the history of each particular patient, as well as on infor- 
mation gained from the other sources already mentioned. Using this approximation, 
we find that, in addition to the 4 severely disturbed patients, 6 of the remaining 21 


patients are classifiable as moderately disturbed, and 8, as mildly disturbed, whereas 
3 of the remaining 7 patients had relatively insignificant psychiatric symptoms. 


our patients are thought to have been normal 
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Case No Sex Age 
1 R.A F 48) 
M.C F 1 
J.D F 7 
4 M.A F 
» B.An 43 
6 D.O'B 
8 M.d'A F 
9 L.8 M 0) 
10 W.S M 
ll LB ‘7 
12 A.D F 
4 RB i7 
In ¢ le B M l 
16 M.M 19 
I 
17 S.W 33 
is 
1.6 11 
M.S F j 
B.B 
> B.V } 
3 M.Sn 
4 F 
> S.B ( 
q 
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The case histories of the four most disturbed patients are presented in con- 
siderable detail, and, in somewhat less detail, are given the histories of two other, 
moderately disturbed, patients. Aside from the fact that rather more information 
about these two is available than for some of the other patients, both having been 
seen personally, they were chosen because they appeared to demonstrate two rather 


TABLE 2 


headaches palp 
ofl ot pep or 


tior 


some time 
Dulness; patient somewhat discourage: Patient anxious about herself long 
depressed; numbness and tingling; increz after operation, igh finally im 
I pressure headaches; very complaining proved; moderate mental symp 
I pains everywhere; irritability toms in part reactive to death of 
nother 
headaches and dizz spells Relatives described her personality as 
le, cooperative at times, irrita becoming much more alert as re 
ilness and lack of response; covery occurred; moderate person 
rvous attacks; trouble with ality disturbance 
Headaches and izzy spells; trembling; pa- Mild relatively insignificant mental 
tient slow, though cooperative 
Marked lethargy nd drowsiness; irritability atier zives impression of rather 
times; apprehensiveness y ntell ; probably moderate 
ng spells; remarkable in degree of mental disturbance 


Cases 6 and 24 are not included, as these have been more fully deseribed Is, 1S , and 21 have 
no recorded psychiatric abnormalities 
ditferent types of minor psychiatric disturbance which may be met with in associa- 
tion with this syndrome. The psychiatric symptoms of the remaining patients, 
together with relevant comments, are summarized and presented in tabulated form 
( Table 2). 

Many of the available biochemical and metabolic data not considered completely 
relevant to this study are omitted, and the detailed description of the physical 
findings is reduced to a minimum. Further information concerning these and other 


aspects of some of the cases has been presented and discussed elsewhere.**? 
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sychiatri fhnormalities Noted in Less Sever: lffected Patients* 
Case No Symptoms Results 
Patient tired, depressed, cried easily: pressure Marital discord, ending in divorce at 
headaches severe at times: condition noted onset « Iness ery long history 
Varlalle moderate ental symptoms 
Nervousness; ¢ tional instability; sereaming Iliness began with nervous break 
ind pant ittacks; possible hysteria; al down” followir leath of second 
t drowsiness tt es child moderately severe mental 
s nereased ¢ tional lability and irritability Mild relatively insignificant mental 
rontal | laches and fine tremor of hands symptoms 
9 Great variability in 1 1; increasing nervous Reacted badly to physical changes 
ness and depress jecreased libido and I it moderate ental distur 
ten | er thona responses at bance 
tacks palpitations; s e headaches 
If ntermittent headaches; patient described as Informat . ty: psychiatric eor 
ery ! tic threat to withdraw medica ponent said to be hard to evaluate 
t te operation J luced nausea and probably mild t oderate mental 
‘ tir patient somewhat uncooperative symptoms 
l Very apprehensive tended to mini e symp Described is i ery ibnorma 
t when question ¢ operation was raised womal rmatio regarding 
ental s pt rathe scanty 
hnowever 
l Depressior it times: complaint of loss o n Severe social ind domestic prob 
terest a 1 desire n normal activities ocea it . very tthe mental abnor 
sior ontal headaches mialit 
! Headaches and palpitations attributed initially Very little mental abs ility 
to nervousness; apathy 
4 Increasing nervousness and discouragement Very lor history with hospital 
eels like wreck ; patient noted as less admis ns moderate personality | 
. alert and more forgetful as illness continued change j 
1d Weakness, lethargy, loss of libido, and lack o Mild relatively insignificant mental I 
patient somewhat depressed at sympte 
times 
16 complaint Insignificant mental symptoms 
activity 
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REPORT 


Case 1 (M. G. H. 279588). —Mrs. R. A., aged 25, an American-born housewife, white, was 
admitted to the hospital on Feb. 19, 1951. 

Family History.—She was the second of four siblings, all girls, and there was no history of 
mental illness or significant physical disease in the family. 

Previous History he patient was born a normal full-term infant, although with instru 
mental delivery. Development was normal, and there was no history of previous illness, except 


omplicated measles, scarlet fever, and chickenpox during childhood 


at school, was the co-editor of the school paper, and had had several poems 

al newspapers. No neurotic traits were described, and her premorbid personality 

been satisfactory, although she was stated to be somewhat quieter and more 

sisters. She was apparently happily married and had one son, aged 3 years 

Che patient had been good health until eight months before admission 

started to become full he fi and to gain weight, especially around the 

She began to fear she had cancer and consulted a doctor, who reassured her 

During the next few months her complexion, which had previously been fair, 

became darker and more plethoric. Her eyebrows grew heavier and darker, and hair started 

to grow on her face. These changes, and an increase in weight, caused: her some concern 

Menstruation, which had been normal since onset, at the age of 13, became irregular and scanty, 

ind during the next eight months she missed three periods altogether. In August, 1950, she 


was discovered to be hypertensive and about this time complained of muscular weakness and 


inability to stand for long. She began to brood, became unable to concentrate, was irritable 

3-year-old son and careless of his welfare, and had crying spells. Sexual intercourse, 
ad previously been pleasant and satisfactory, now became repulsive, and she felt that 

uld obtain satisfaction only by masturbation; furthermore, she seemed to fear that her 
changing 


Physical examination on admission was suggestive of a mild Cushing syn 


florid face, with some hair on her cheeks, an intrascapular “buffalo” 
some obesity about her shoulders and neck. There were acne over the chest 


abdominal and gluteal striae, some having the characteristic purple 
were generalized w f the trunk and extremities, and gross, evanescent 
for this, examination of the central nervous 
pressure was 150/100 
(6,700,000 red blood cells per cubic milli 
and a mildly abnormal 
and carbon dioxide were 


om 23.4 t 


slight compression 
ctroencephalogram was 
ardiogram was also 
admission she showed considerable agitation and depression, and during 
condition underwent ft r deterioration became extremely 
retardation at ti and re agitation at otl She had ideas of 


ind trequently expressed hypochondriacal delusions. She complained 


thts spoken as though witl her head and indicated that these 

sexual nature. She | hrough her past experience 

rself and recounted these a low, monotonous 

voice. She wz put ut insight and retused to believe that she could be ill, stating that 
I at this was not sé 

Her mental condition worsened, and she began to express frankly homosexual ideas. She 

was uncooperative and at times refused food or to have laboratory investigations carried out, 

und on several occasions she asked that the police might be called, so that she might be taken 

to prison. She was strongly suicidal, and on several occasions she made attempts to strangle 

herself 


CASES 
| 
‘| arome She had 
pad of fat, and 
bruising the le 
oloration. There 
| tre: Ge 
revealed 1 
Laboratory st 
t I i | la 
ed sugar-t 
t rmal limits, and the 17-ketosteroid-excretion levels varied fro 28.2 mg. in 
+ \ roentgenogra the skull s ved a normal sella turcica and no evidence of raised 
ntracranial pre re. J 
t nicrior margin of 
normal, and the electr« 
f fate 
the next tew da ¢ 
depre Wi } 
guilt and unworthiness 
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Operation and Progress-——On March 1, 1950, operative exploration, by Dr. Oliver Cope, 
revealed a hyperplastic left adrenal, and four-fifths of the gland was removed. There were no 
physical complications from this operation, but she became, if anything, even more depressed 
She refused to admit that she had been operated on but complained that two men had come into 
her room and beaten her. She made two further attempts at suicide and on one occasion almost 
succeeded in hanging herself. She expressed strong ideas of reference, stating that her thoughts 
were being read and that ideas were being placed in her head. She continued to recount her 
supposed misdeeds in a low, monotonous voice and wrote, slowly, one or two lengthy confessions, 


which reproduced exactly the delusional content of her speech 


On March 13, 1950, a subtotal adrenalectomy was carried out on the opposite side, the 


condition of her right adrenal ing similar to that on the left. She withstood this operation 


well, though there was a suggestion of adrenal deficiency, which responded adequately to therapy 


with cortisone, which drug was withdrawn after three days without ill-effect. 

For eight or nine days after operation her mental condition remained qualitatively unchanged, 
but after this a slow and somewhat erratic improvement took place. First, she became less 
agitated, though retardation was still very apparent. Then her delusional ideas appeared to be 
losing their force. Three weeks after the second operation she was greatly improved, started 
to take an interest in her appearance, and on occasions became moderately sociable with other 
patients. Nevertheless, r bel or continued to be rather erratic; she would suddenly become 


le angry and would 


much more depressed, irritab again express marked ideas of reference, 
all without apparent exciting cause. She also started to show interest in her son when he was 


brought in to visit her and expressed anxiety as to his welfare 

Concomitant with her mental improvement, her physical condition became more normal, her 
face losing some of its swollen appearance and dusky-red color. Her skin commenced peeling 
and she started to lose weight: she became more active, and there was less evidence of fatigue 
and muscular weakness 


By April 21, 1950, her condition had >a great change. Retardation had disappeared, 
and there was little evidence of her former depressed state in her behavior, her appearance, or 
the content of her speech. The variability in her condition, which had been previously observed, 
had also disappez and she was considered well enough to be discharged to the care of her 
parents 


ly twice since discharge, at fortnightly inter 


improved botl ally and mentally. 


emotional lability, can be considered mentally 


G. H. 718895).—Mrs. M. C., aged 31, an American-born housewife of Irish 


admitted to the hx spital on Nov. 1, 1950 
of six siblings, o f had died during an 
f mental illness or of significant physical disease in 
Her birth, development, and schooling | been normal; her previous 
unremarkable, d sl ad been happily married for eight years, having three 
The only history of illness was that of 
the age « ‘ influenza at 12 years, and hay fever 

for three consecutive seasor 1e time before 

Present Illness—One year before admission she began to show a gain in weight, which at 
first was controlled to a certain extent by diet and administration of thyroid. Three months 


later her abdomen began to enlarge, and at the same time she complained of generalized weak- 


ness, particularly in the legs, which gave way on occasions and caused her to fall to the floor. 


After this, menstruation became scant, and for seven months prior to admission she had com- 


plete amenorrhea. Her weakness progressed, and she complained of foggy vision and a heavy 


feeling in the eyes and head, though not of actual headaches. 


had exhibited little or no mental 
abnormality, she suddenly became excited, hyperactive, apparently disoriented, and rambling in 


Seven months before admission, up to which time she 
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Follow-Up Observation—She has been scen 
now no longer depressed and, except for slight =i 
recovered. 
Case 2 (M, 
| 
\ 
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peech and refused food and drink. She was admitted to a mental hospital and given 10 electro 
shock treatments, after which she became quieter, more detached, and apathetic and seemed “in 

a world of unreality,” though oriented 
rhree months after this, the possibility of Cushing’s syndrome was entertained, and irradia- 
tion to the pituitary was commenced. However, after four such treatments her mental condition 
again worsened; she became once more excited and uncooperative and had screaming attacks 
and fits of falling to the ! whereupon she was readmitted to a psychiatric hospital and 
given 10 more electroshock treatments. During this period her condition was diagnosed as a 
“schizophrenic reaction of paranoid type, with a depressive component but with lucid intervals” ; 
considerable chans vil in her mental state seems to have been observed. Physically, her 
condition wi resemble Cushing’s syndrome, though with a normal blood pressure 
(120/90 caminatior the cerebrospinal fh this time showed 51 mg. of protein per 100 

| and a negative reaction to the Hinton test 
nissi he Massachusetts General He spital 
skin was dry, with a tendency 
what obese, with wasted extremi- 
blood 
weak- 
ormality. 
fasting eosinophile count (9 to 11 
revealed diminished toler- 
a, with no evidence of raised 
vertebrae, was present. Serum- 
iequivalents r liter, and the electrocardiogram was 
Excretion of 17-ketosteroids varied from 5.5 to 
cerebrospinal fluid revealed a protein content 
pressure (240 to 225 mm.) and a colloidal gold curve of 
alogram was normal. 

irst suggestive of schizophreni a state of partial remission. 


and fluctuating cooperation and at times laughed wildly for no good 


uragement, she could be got to answer questions, and then showed a normal 


ock of information with no disorientation or impairment of memory. 


During the subsequent few days her mental condition, though episodically variable, remained 
essentially similar to that described. Most of the time she remained quiet and withdrawn and 
made no spontaneous talk, but would give monosyllabic replies to questions. Her speech was 
slow and limited, and she smiled inappropriately on occasions 

Operation and Progress.—On Nov. 24, 1950, Dr. Oliver Cope resected an adenoma, of 3-cm 
diameter, in the right adrenal. Her postoperative course was smooth, and she received treat- 
ment with corticotropin for a few days, until her blood pressure stabilized 

Within a few days of operation her mental condition underwent great improvement. She 
was quiet at first and continued to lack spontaneous speech for a time, but responded readily 
to questioning and seemed to be in much more contact with reality. This improvement con 
tinued, and she was discharged home just over one month after operation with no evidence of 
any severe mental disturbance. 

Che serum potassium levels rose after operation, and the electrocardiogram altered, sug 
gesting an increase in intracellular potassium content. Examination of the cerebrospinal fluid, 
repeated just before discharge showed that the protein content had dropped to 37 mg. per 100 
ce., and no abnormality was recognized. The fasting eosinophile count rose to from 55 to 80 cells 
per cubic millimeter, and the 17-ketosteroid-excretion level fell to between 1.2 and 1.6 mg. in 
24 hours. 

Follow-Up Study—She was seen again three weeks, six weeks, and four months after 
discharge. On each occasion her mental state was apparently completely normal, and she stated 
that she felt that she was her “old self.” During this period the physical abnormalities also 
disappeared, and her face became of normal appearance and contour. Her husband confirmed 


the improvement and said that she seemed to him to be better at this time than he had ever 


known her. 


| 
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Case 3 (M. G. H. 610989) —Miss J]. D., aged 37 Irish extraction, was admitted to the 
hospital on March 20, 1948 


Family Histor There was no record of mental illness or significant physical disease, and 
she had six siblings alive and well 

Previous Histor) The patient’s birth and childhood were described by an elder sister as 
normal, and she w: 1 to have been a moderately good student. She emigrated to the United 
States in 1929, ; which she worked as a nursemaid and a waitress. Her personality was 
described as a happy on he was popular, made friends easily, and was strong, energetic, and 
cheerful in disposition. T] history of previous illness was that of measles, whooping cough 
and chickenpox i1 
Present [lines h ommenced in Ireland, to which she had returned in 1939. Eighteen 


months before e hospital there developed backache and pains of a “rheumatic” 


nature in the lin and joi hree months later her menstrual periods ceased, and she 
experienced 
turned to the United States in October, 1947, whereupon her sister, with whom she 

came to stay, observed a great change not only in her physical appearance, but in her per- 
sonality. Previously sociable, she had become seclusive and depressed and frequently took to 
her bed and refused to see ypl Three months before her admission the pain in her back 
became so severe that she had to stop work, and during the final two months she had spent 
most of the time lying in bed to obtain relief from pain. In addition, it was noticed that her 
hair had become thinner and her face fuller, and her skin had begun to look and feel old and 
rough. However, only in the week before admission did the patient herself express anxiety 
over the changes in her appearance 

Physical Examination—On admission she presented some obesity of the face, neck, and 
trunk, with sparing of the extremities; a thin, atrophic skin; an appearance of plethora, and 
kyphosis of the lower thoracic portion of the spine. Ulcers were present over both trochanters 
and the sacrum. Abdominal striae were absent, and there was no hirsutism, but the hair on her 
head was thinned. Neurological examination showed muscular weakness, and her blood pressure 
was 150/110 

Laboratory Studies—There was slight polycythemia (red blood cells, 5,400,000 per cubic 
millimeter), and the fasting eosinophile count was low (3 cells per cubic millimeter). The 
fasting blood-sugar level was normal, but a blood-sugar curve showed decreased sugar tolerance. 
The serum potassium measured 5.1 mEq., sodium, 141.7 mEq., and chloride, 97 mEq., per liter, 
and calcium 9.3 mg. per 100° c¢ Roentgenograms of the vertebrae showed marked osteo 
porosis with several compression fractures, and the roentgenogram of the skull revealed no 
abnormality other than osteoporosis. Excretion of 17-ketosteroids was 1.7 mg. in 24 hours. The 
cerebrospinal fluid was not examined in this case 

Vental Sta he patient was extremely depressed and retarded; her speech was slow 
and her face inanimate. She was apprehensive, feared she had cancer, and expressed strong 


guilt feelin She was seen by Dr. Denis Leigh, who found her severely depressed, but noted 


that she well oriented and that her memory for recent and past events was normal 


\fter Imission her mental condition worsened. At times she became agitated; on other 


| 1 e affect beyond apathy. She became convinced she had cancer, stated 


occasions she exhibited littl 
she was afraid to die becat | ould not face God, was hallucinated at times, and complained 
that the d rs were mockins She expressed no suicidal ideas, but when questioned 
directly said she was “dead already.” On one occasion, she became convinced that the hospital 


was on fire, an ] seemed to wel the idea of such a conflagration 


Treatment.—On April 20, 1948, her left adrenal was explored by Dr. Oliver 


Cope, and a cortical adenoma measuring 3 cm. in diameter and weighing 12 gm., was excised 


Her postoperative course was somewhat stormy and was complicated by massive collapse of 
the lower lobe of the right lung. Two weeks after operation she was considerably less retarded, 
but with the increase in her motor and psychic activity growing agitation was expressed. She 


continued to have fever, owing to a urinary infection, which ultimately responded to strepto- 


| 
| 
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mycin. Her blood pressure fell to about 100/70, and there were considerable vomiting and a 


decrease in serum sodium, potassium, chloride and protein, the condition improving after admin- 


istration of desoxycorticosterone acetate and an increase in her food intake. 


By May 31, her mental state was substantially unimproved, and the advisability of electro- 

hock therapy was considered. However, after this date she started to improve spontaneously, 

by June 27, 1948, both her physical and mental condition had undergone a remarkable 

ie then appear physically normal, but she became cheerful, talkative, 

and optimistic regarding her recovery was discharged from the hospital on July 2, 
months after admission 


an outpatient during the next years and, 


a slight recurrence of the uri infection, remained well and steadily gained 


trength. Her menstrual periods recommenced within a month of her discharge. Throughout 


low-up period she remained mentally normal, and it was noted t 


the entire fol at her old cheerful 
personality had reasserted itself 
Case 4'° (M. G. H. 93072).—} } \., aged 25, an American-born w , of Greek 
extraction, was admitted to iospital on June 14, 1949 
Family History Chere was no significant family history of mental or physical disease, and 
both parents and three siblings were alive and in good health 
Previous H Her birth, early development, and schooling were normal so far as 
was known. At F of 18 she entered a conservatory of music, having planned to become 
an opera singer, but this career was interrupted ler joining the WAVES, at the age of 20. 
\ photograph ti about this tir hows | o hi been a normal and attractive girl 
There was 
Present Illn IIness seems to have commence 1943, during her period of naval 
rvice, after six mi ; whicl \ lisch: ith a diagnosis of hy ia. After this 
kdown.” She attended a 


gave ] study and 


1 her food 


com 


n with 


loping 
climb stairs 


mpanied with hematuria, 
h no definite conclu 
admission he Massachusetts 


(13.6 kg.) in weight and to have 


the left adrenal was removed, after 


a secretarial school but 

ion Hospital at Framingham 
l n her back, 
became very tense 

screamed and shook all over. 
o walk in a straight line 
and to twist sentences. On 


with definite psychomotor 


P. Nelson IIT, of the Veterans Administration 


use their material in this case. 
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niversity for one semester but, finding herself unable to concentrate, [I 
, vorked for a time as a medical secretary 3 
' In 1944 she found that she tired easily and had a tendency to gain weight, althoug Hii 
\ intake had not increased. She then had another “nervous breakdown,” during which she ema 
i ned of ge lized tremors and of “feeling foggy” at times 
In 194 } till It weak but was able to go back t ind carry Omg, her work. She 
: f that her sku is becoming rough and red and that pimple x upon her back, 
ea noticed the growth of some hair on her chin at s. She tried to 
tt t niversit igain Dut was tore to give u igall na to concentrate 
1947 e became eak that at times she could hardly complained of 
| 1 r hac | pre re headaches in both temporal regions, and on occasions she 
felt retard nd di Menstruation also ceased at this time 
| In February, 1948, shi id a severe pain in her right flanl 
i ons m t ive been reached. However, 11 mont before 
General Hospit is found to have gained about 30 |). 
rked facial hirsutis Both adrenals were explored, an] [Es 
vhi e returned me, feeling a little better. She then ent 
On Dec. 28, 1948 e was admitted to the Veterans Administra 
M She very self 1 is about her appearance and co 
est, al ‘ ! ta sour taste in her mouth. She stated that a 
and felt she wa bout to explode,” and that on occasions she 
She al telt that is sing her equilibrium and was unabj 
She stated she ad noticed a tendency in herself to reverse word 
examination at this time, s vas described as being sluggish, [ii 
15. Drs. Jack D. Rosenbaum and William 
Hospital, Framingham, Mass., allowed us to. ii 
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retardation, and her voice was said to be low in pitch. Her general appearance was that of 
Cushing’s syndrome. Neurological examination showed no abnormality except for slight tremor 
of the extended fingers. 

During her stay in this hospital, she was further described as nervous, subject to generalized 
tremors, at times liable to be easily upset, and as having minor hysterical reactions. A number 
of investigations were performed, the most striking of which was a pneumoencephalographic 
study, which was reported by Dr. Sosman as showing “a remarkable picture of diffuse marked 
cortical atrophy.’ His report continues: “There are marked generalized dilatation of the 


cerebral sulci and a moderate degree of generalized dilation of the ventricular system, with no 
displacement or deformity and no evidence of cerebrospinal fluid block.” 

A lumbar puncture was also carried out, and the cerebrospinal fluid was found to be under 
a pressure of 90 mm. and to have a protein content of 72 mg. per 100 ce. An electroencephalo- 
gram showed normal alpha rhythm in all leads, with the appearance of slow waves on hyper- 
ventilation. The results of chemical investigations were consistent with the diagnosis of Cushing's 
syndrome, except the blood-sugar curve, which was within normal limits. She was finally 
given 15 irradiations of the pituitary body and discharged, without appreciable improvement. 

E-xamination.—Physical examination on admission to the Massachusetts General Hospital 
shortly afterward showed her to be a ruddy, “moon-faced,” bearded young woman with some 
obesity, chiefly of the trunk, and a fair-sized “buffalo hump.” Her skin was thin with numerous 
visible veins; she had acne on her back and chest, and there were purple striae on her abdomen 

| 


and beneath her breasts. The pubic hair had a masculine distribution. There were bilateral 


edema of the ankles and bruising of both legs. Her blood pressure was 115/70, and the heart 
sounds were tick tack in quality 

Laboratory studies then revealed decreased sugar tolerance, a low lymphocyte count, and 
serum-potassium levels varying from 3.6 to 5.4 mEq. per liter. Excretion of 17-ketosteroids 
varied from 9.6 to 18.8 mg. in 24 hours. The electrocardiogram was within normal limits, but 
an electroencephalogram showed some instability on overbreathing, somewhat greater on the 


Roentgenograms showed diffuse osteoporosis, but, apart from this, 


riod of hospitalization sl had several attacks consisting of 


She also 


ill extremities, by their nature suggestin st al seizures 


particularly of pressure weakness. 
is reviewed in deta y Dr. Harley (¢ hands. He found no evi 
in childhood, difficulties in adolescent adjustment, or nervousness 
He noted her present irritability and 
control, her concentrate and make decision 
become 


pertect 


\fter investigatior 


the patient 


osterol 
17, 1949. 

idmitted 
complained t had d al and thi ht processes 


last few weeks. also i avin iad more nervous 


was explored by Dr. Oliver Cope 
half was resected. The postoperative 


course was smooth | tarted to lose weight rapic and became less plethoric, and her 
strength, spirits, and appearance all improved. She was discharged from the hospital on Jan. 3 


1950, and an electroencephalogram at this time was normal 


1 

TRETHON 
right side than on the 
that of the skull was normal. 
twitching and jerking 
out Gilligmtly, and was easily upset by any surrounding disorder. She stated that she no longer 
cared how she looked, and that her appearance was now so bad that nothing she could do mack 
any appreciable ference. As a result, she thought that she had become sloppy and lazy 

Further nd Treatment implantation of a pellet of desoxycorti 
4 
had become even slower during th 
spells, in which she shook all over and felt a desire to scream, Objectively, she was noted a 
depressed and retarded; her spee vas slow, and she answered questions only after long pauses 
She expressed agitation, said that she felt she must scream at times, and was concerned that 
er heart was stopping 
After further investigation, the right adrenal ; 
: discovered to be enlarged sevet il times, and aly 
\ \ \ 
\ \ 
\ 
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} 
} 


harge, however, there was a gradual return of all her complaints, particularly 


ose of weakness, tatigue, and diffuse muscle and joint aches. Ou reexamination, she was 


und to retain the typical appe: ce of Cusl ‘s syndrome. It was suspected that the 
right adrenal had undergon ‘trophy; exploration revealed this to be the 

and a further 5.5 gm. was resected. Within a short time after this operation her physical 
striking changes toward normality. Her mental state, on the other hand, 
he exhibited stubborn anorexia, became even more depressed, on one 
hall ory experience during the night, and stated that people 

er operative wound. Her blood pressure also fell con- 

he was given desoxycorticosterone acetate and cortisone in order to control this. 


One month after operation | lepression lifted, and for the first time she volunteered the 
nformation that she fel is betterment coincided with the beginning of desquama 
her upper lip, which she previously had had to 


ive » reappear. She was discharged again from the hospital on June 7. 


tion of her skin and the failure of 


ywever, Was not of her troubles. She was readmitted to the hospital o1 
1950, again in a very upset and emotionally unstable condition. A reliable history 
not obtained, but it seemed that within a short time after her previous discharge she had 
ne weaker again, her aches < pains had recurred, and attacks of nausea and vomiting 
been troublesome. Six weeks betore, she had been admitted to another hospital on account 


ese symptoms but was transferred because of lack of improvement with treatment. 

Physically, she presented a picture of hypoadrenalism. She had lost 40 Ib. (18.1 kg.) in 
weight; her hirsutism had largely disappeared, and there were areas of brownish-black pig- 
mentation on her face, nipples, and lips, and in the palmar creases, suggesting Addison’s disease 
She said she had had two menstrual periods since her last operation. Mentally, she was 
described as emotionally unbalanced and in a state resembling hysteria. Laboratory investiga- 
tions confirmed that her condition was then one of hypoadrenalism, and she was given treatment 
with cortisone, desoxycorticosterone acetate and methyltestosterone, on which regimen her 
condition rapidly improved, and she was once again discharged 

Follow-Up Study—She was seen as an outpatient on three occasions during the next six 
months. Her physical and mental improvement was maintained; she looked nearly as well as 
she had before her illness began and stated that she felt well. Eight months after admission 
she seemed in fairly good health, though there was some question whether her adrenal insuff- 
ciency was completely controlled, but on closer questioning it became clear that her mental 
state, although much improved, was not altogether normal. She stated that she was still easily 
upset by the comments of others, was inclined to be restless and irritable, became depressed at 
times, and was generally less interested in her environment than she felt she should be. She 
thought that her memory had improved and that she was quicker to learn than she had been. 
However, sts she was unable to retain seven given digits, nor could she repeat correctly 
more thi 1 reverse. Subtraction of 7’s from 100 took her 24 minutes, though she only 


made on \ believed that her condition indicated some degree of cerebral impair- 
ment, though the full extent could not be determined, while the question of adrenal insufficiency 


ible effects of this upon cerebral function remained unsettled. 
H. 659364).—Mrs. D. O'B., aged 33, a Canadian-born housewife, was 
| for the first time on April 
Her previous medical and social histories were normal. The family his- 
icance save the fact that one brother had become somewhat 
service. She was married and had two children, and her husband 
onality as a warm and happy one. 
resent illness began 2'4 years before her admission with the onset 
laches. There then developed hirsutism, which became marked, obesity 
iracteristic skin changes, and easy bruisability, as well as increased 
hypertension. Menstruation was unaffected. 


n.—l*-xamination on admission showed the classic features of Cushing’s syndrome. 


ypertension (blood pressure, 220/115 to 230/130), polycythemia, glycosuria, and 


erance. Other chemical investigations revealed hypochloremic, hypokalemic 
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alkalosis. The roentgenogram of the skull was normal except for some decalcification of the 


clinoid processes and the bones the vault. Examination of the cerebrospinal fluid showed 
a normal pressure, 2 cells 4 millimeter, and a protein content of 41 mg. per 100 cc 

Progress and ! u y her first admission the right adrenal gland was explored 
by Dr. Oliver Cope and found to be hyperplastic. A hemiadrenalectomy (right) was performed. 
She recovered uneventfully from this, and, after a course of irradiation of the pituitary, was 
discharged from the |} 1, somewhat improved. She was followed over the next two years, 
during whicl urth mu irradiation to the pituitary was given 


In March, 1951, | ‘ arance was noted as substantially unchanged, and, < he was still 


troubled by pressure headaches and moderately severe headaches, she was readmitted for turther 


surgery. On this occas ‘ ital adrenalectomy was carried out on the left side, followed 
within < ( me | ubtotal resection of the right adrenal. It is as yet too early 


final result of this treatment will be 

Psychiatrii mptoms ) illness she had always been of cheerful disposition, 
happy, sociable | on who enjoyed life and who had never considered herself as nervous. 
However, thro. he course « r illness she complained of periods of depression and nervous 
irritability. She related how s ould snap at her husband for little reason and become easily 
1A 


intolerant of noise or mischi he part of her children. She had frequent crying spells, 


particularly when s] er own, and complained of constant lack of energy and of feeling 


“washed out.” § \ l rough her housework, though not without difficulty. She 
slept poorly, bei listur ) ht neise, ut dreams, and a frequent desire to mic- 
turate. There was no lo libido, < h F hip with | husband remained 
Satistactory 

On examination appeared al and friendly and exhibited a warm affect. She made little 
complaint beyond headaches, which were troublesome. She was not noted as overtly depressed 
and showed no psychomotor retardation. 

Her husband, however, confirmed the patient's mood changes but stated that he thought 
these were the result of anxiety dt he changes in her hysical appearance She herself 
stated that she was considerably worried by the somewhat gross alteration in her appearance, 
as a result of which her ls would at times pass | in the street without recognition. She 
was, nevertheless, positive tl ] anxiety about this, although considerable, was insufficient 
to account her period depression and irritability 

Case 2 , 3879069 ) Mrs ea 1 32, an American-born housewife, was 
admitted to the hospital on Jan. 24, 1951 

Previous His Her previous medical history contained nothing of importance. There 
was no family history of nervous or mental disease except that one sibling had died in infancy 
with convulsions. One other sibling had been killed accidentally, and three others were alive 
and well. A maternal uncle and aunt both had diabetes 

History of Illness rhe illness seemed to have begun after the birth of her first baby, three 


years prior to admission. She gained 50 Ib. (22.7 kg.) during the pregnancy and after the birth 


was unable to lose weight. During the year before her admission to the hospital, menstruation 


had become irregular, and for five months before admission she had had complete amenorrhea. 
When first seen in the outpatient department in November, 1950, she was thought to be preg- 
nant. She complained of many other symptoms, such as acne, easy bruisability, further increase 
in weight, a ravenous appetite, polydipsia, and polyuria, described herself as a “complete nervous 
wreck,” and said that she constantly felt as though someone were strangling her 

*hysical Examination.—She was obese, swarthy, and hirsute and had a prominent abdomen, 
characteristic skin changes, and a general appearance altogether typical of Cushing's syndrome. 
Moderate hypertension was present (blood pressure 178/98); there was a decreased sugar- 
tolerance curve, and x-ray studies showed slight spinal osteoporosis and a stone in the right 
kidney. Examination of the cerebrospinal fluid at this time revealed a normal pressure, an 
increased protein content (144 mg. per 100 cc.), and a colloidal gold curve of 0001221100. 

Progress and Treatment.—On Jan. 19, 1951, exploration of the adrenals was carried out by 
Dr. Oliver Cope, and a benign adenoma, measuring 4 by 4 cm., was removed from the right 


side. She made an uneventful recovery and was discharged within a few days. A second exami- 
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nation of the cerebrospinal fluid just prior to her discharge showed that the protein level had 
now dropped to 46 mg. per 100 cc. After discharge, however, she continued to complain of 


nausea and vomiting, and because of this, and the development of other, odd symptoms, she 


vas readmitted a short time later for further observation. During this admission it was found 
that the signs of Cushing's syndrome were rapidly receding. It was also discovered that she 
vas about four months pregnant. Her complaints rapidly subsided, and she was again dis- 


charged within a few days 


Ps hiatru yymiptoms During the onset of her illness and for some time after operation, 
she complained of various psychiatric symptoms, and her self-description as a nervous wreck 


as already been mentioned. In addition to this, and the strangling sensation also alluded to, 


she described a number of other odd symptoms, such as a sensation of swelling of her tongue 


ind impairment of her sense of taste, which complaints were not objectively confirmed. In 


addition, she slept poorly, possibly on account of nervousness and nocturia. On examination, 


she was noted to be depressed and retarded, especially in her speech and expression. After 
operation her nervous symptoms increased; her depression and retardation became more pro- 
nounced; she complained of various aches and pains and said that she felt lifeless. 

Prior to her second admission, there developed twitching movements of her legs, some 


itaxia, and periods of emotional lability, during which she would cry and laugh without good 


reason. While she was in the hospital, all these complaints subsided rapidly except for a slight 
legree of depression and retardation. After discharge she continued to be somewhat improved, 
though she still complained of odd symptoms, such as twitching of her legs in bed, for which 
no cause could be demonstrated. Her husband commented on the striking up-and-down course 


of her symptoms atter Operation 


NEUROPATHOLOGICAL ABNORMALITIES 


In addition to a study of the psychiatric manifestations and personality changes 
in this series, neuropathological investigations were carried out on some of the 
patients. Unfortunately, these investigations are insufficient to allow any definite 
conclusions to be drawn as to the relation between the abnormalities discovered 
ind the mental symptoms. They have been included, however, because the findings 
have been thought to be of some importance and because of the relation of these 
findings to those in certain cases described by other authors. 

Che cerebrospinal fluid was examined in nine cases. In six of these (Cases 2, 
$, 11, 22, 24, and 25) an increased total-protein content, varying from 51 to 144 
mg. per 100 cc., was discovered. In the other three (Cases 1, 6, and 13) the 
total-protein levels were 40, 41, and 32 mg., respectively, per 100 cc. In two of 
the three cases in which a reexamination of the spinal fluid was made after oper 
ation, and in which the patients were in the process of recovery, the protein content 
was found to have fallen considerably—-from 124 to 40 mg. per 100 cc., in Case 2, 
ind from 144 to 46 mg. per 100 cc. in Case 24. In the former case the second 
lumbar puncture was performed three weeks, and in the latter five days, after 
operation. In the third case (Case 1) the protein content was found to be high 
normal both before and after operation (40 and 39 mg. per 100 cc., respectively). 
In addition to the changes in the total-protein content, slight, and probably insig- 
nificant, changes in the midzone of the colloidal gold curves were found in five 
of the seven cases in which the Lange test was made. The most marked of these 
was in Case 11, in which the total-protein content of the cerebrospinal fluid was 
76 mg. per 100 cc. and the Lange curve 0012332100. 

The cerebrospinal-fluid pressures in these nine cases ranged from 90 to 240 
mm. of water, and in only two (Cases 2 and 25) was the pressure higher than 
200 mm 


\ 
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X-ray studies of the skull were carried out in most of the cases, but in none 
was any significant abnormality observed. In two (Cases 7 and 9) a rather large 
sella turcica was seen, while in one (Case 11) there was evidence of erosion of the 
anterior and posterior clinoid processes and thinning of the dorsum sellae. The 
only fairly constant finding was that of osteoporosis, which in many cases was seen 
in the skull, as well as elsewhere. In the one case in which a small pituitary tumor 
was discovered at autopsy (Case 5) the roentgenogram of the skull prior to death 
showed no abnormality. 

\ pneumoencephalogram was performed in one case only (Case 4). This, 
which was markedly abnormal, has already been described, and its possible signifi- 
cance will be discussed later. 

Electroencephalographic studies were carried out in four cases. In two of these 
(Cases 1 and 2) the records showed no abnormality despite severe mental disturb- 
ance at the time of the recording. In another (Case 4) the record was abnormal 
while the Cushing syndrome was severe and there was much mental disturbance, 
became normal during resolution, and then was abnormal again during the period 
of hypoadrenalism which followed. In the remaining case (Case 25), in which 
mental symptoms were mild to moderate, but in which drowsiness was a prominent 
symptom, there was a mildly abnormal record with rare 2.5- to 6-per-second waves, 
most marked in the left temporal region, though also visible on the right. 

In seven cases an autopsy was performed, but in only four was the brain 
examined. In one (Case 5), in which a small basophile adenoma was found, death 
was the result of a massive cerebral hemorrhage following partial remission of her 
symptoms. In another (Case 23), in which mental symptoms were only mild, death 
was due to secondary metastases from an adrenocortical carcinoma, and at autopsy 
the brain was found to weigh only 980 gm. The lateral and third ventricles were 
considered somewhat enlarged, though no other definite abnormality was observed ; 
and microscopic examination was not carried out. In the two remaining cases 
(S and 18), those of a cortical adenoma and a cortical carcinoma, respectively, the 
brains were thought to be normal, and microscopic examination of the hypothalamus 
in the second case showed nothing remarkable. 

In no case did neurological examination reveal any significant abnormality, 


although certain symptoms, such as headache, tremor, drowsiness, and numbness 


and tingling of the extremities, were complained of by some of the patients and may 


possibly be ascribed to neurological or intracranial disease. In one case muscular 
weakness was so extreme that the possibility of a muscular dystrophy or poly- 
neuritis was considered, only to be later excluded. Ophthalmoscopic and perimetric 
examinations were carried out in many of the cases. No alterations in the visual 
fields were observed, and the fundi were normal except in four cases, in which 
some degree of hypertensive retinitis was present. 


RESULTS OF TREATMENT 

The results of treatment on the physical and, particularly, the mental status of 
these patients is of considerable interest. 

Seven patients died—four (Cases 7, 8, 12, and 18) postoperatively and two 


others (Cases 13 and 23) of carcinoma. These cases will not further be considered. 
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One other patient (Case 5) had a partial remission of the symptoms of Cushing’s 
svndrome but died later of a cerebral hemorrhage, though there was evidence of 
some mental, as well as physical, improvement prior to death. 

One patient (Case 11) probably still needs further surgical treatment, and 
for two others (Cases 6 and 25) it is as yet too early to assess the adequacy of 
treatment. In one of these patients, who had severe hypertension, this disability 
still persists 

In the 15 other patients for whom treatment seems to have been adequate and 
successful in alleviation of their physical disease, some assessment of mental 
recovery may be made. Three of the patients with severe mental disturbance 

Cases 1, 2, and 3) appear to have recovered within five weeks, a few days, and 
nine weeks, of operation, respectively. M. C. (Case 2) has been followed for 4 
months, and J. D. (Case 3) for 24% years, and in neither is there now any sign 


f mental illness or of physical disease. R. A. (Case 1) has so far been followed 


one month only, and her emotional abnormality, although probably still present to 
some degree, continues to improve as her physical disability resolves. M. A. (Case 
+), who was also severely disturbed, has undoubtedly shown considerable improve- 
ment in this respect. Her retardation, most of her depression, and many other 
psychiatric symptoms of long standing have disappeared concomitantly with the 
resolution of the Cushing syndrome. She retains, however, considerable emotional 
lability, has not yet been able to hold a job for any length of time, and shows 
evidence of cerebral impairment. Her physical status at the moment is one of 
partially controlled hypoadrenalism. 

R. B.S. W., B. V., and R. K. (Cases 14, 17, 22, and 24), all of whom had 
moderately severe personality changes, have shown some degree of recovery. R. B. 

Case 14) was noted to have become more alert mentally when the Cushing syn- 
drome was considered no longer active. S. W. (Case 17) remained irritable and 
complaining for 18 months after her second operation, but finally admitted con- 
siderable improvement about 10 months after it was considered that her physical 
condition had become normal. B. V. (Case 22), who, like R. B. (Case 14), was 
treated largely by irradiation, improved several times during the course of her long 
illness, only to become more irritable and nervous during physical relapses. At 
one stage of improvement following a course of irradiation of the pituitary, the 
improvement in her mental status was remarked upon by her family, who stated 
that she had become much more alert and responsive than she had been previously. 
This patient later became a chronic invalid, owing to congestive heart failure, 
although the Cushing syndrome was no longer considered active. R. K. (Case 24) 
has continued to improve erratically after operation, though for a time her mental 
disturbance became even worse than before this procedure. This patient was also 
disturbed by pregnancy, with which she was unwilling for a time to continue, and 
has so far been followed for only three months after leaving the hospital. 

Qf the remaining seven patients, one (Case 9) still has a mild Cushing syn- 
drome, but his condition has much improved, both physically and mentally, and he 
is able to carry on a busy practice as a dentist. Little is known about the present 
condition of one other patient (Case 10), as he has refused to attend for follow-up 
observations. His original condition is believed to have resolved, but he is thought 


to have hypoadrenalism. He was described by his physician as a “neurotic” person, 
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in whose present condition there is a psychiatric component which is hard to 
evaluate. The other four patients (Cases 16, 19, 20, and 21), who manifested little 
or no significant mental abnormality during the course of their illness, have all 
recovered as far as their physical condition is concerned. 

None of the patients in the series, except M. C. (Case 2), who received a con- 
siderable number of electroshock treatments elsewhere, without effect, and before 
the true nature of her condition was realized, received any specific treatment for 
mental disturbance 


POSSIBLE ETIOLOGICAL FACTORS 

The obvious possibilities are the effects of disordered endocrine function upon 
the mental status, psychological reactions to disfigurement, discomfort, and chronic 
semi-invalidism, all of which will be discussed. Beside these, certain other factors 
in the lives of these patients have to be considered, not only in view of their possible 
relation to personality change but also because they may play a part in the produc- 
tion of the endocrine dysfunction itself. 

Cushing’s syndrome is predominantly a disease of women. This observation is 
borne out by the present series of 25 patients, only 3 of whom were men. This 
leads to consideration of whether or not certain stresses peculiar to the female sex, 
namely, pregnancy, childbirth, and the menopause, all of which produce psycho- 
logical effects, as well as alterations in the physical and endocrine status, may play 
an important part. 

Thirteen of the 14 married women in the series were parous, and in 9 of these 
the illness seems to have commenced within three or less years of childbirth. The 
other four did not have onset of their illness until the time of the menopause or 
after. In three of the patients (Cases 7, 8, and 24) the illness actually commenced 
directly after a pregnancy, and all three patients had further pregnancies during the 
course of the disease. B. Ab. (Case 7) became obese during the first pregnancy, 
was afterward unable to lose weight, and, after a second pregnancy two years later, 
followed by the death of her baby at the age of 4+ months, had a “nervous break- 
down” and manifested frank signs of Cushing’s syndrome. In M. d’A. (Case 8) 
the illness seems to have developed about the time of the first pregnancy, which 
ended in a miscarriage. This patient had three other pregnancies, the first of which 
was terminated prematurely by Caesarean section, owing to the development of 
toxemia. R. K. (Case 24) also failed to lose weight after a pregnancy three years 
before admission to the hospital and then had gradual development of signs and 
symptoms of Cushing’s syndrome, which increased in severity when she became 
pregnant again, about the time of admission. It is perhaps noteworthy that even 
after removal of a cortical adenoma she expressed a frank desire to have the 
pregnancy terminated. In the other six patients (Cases 1, 2, 5, 6, 11, and 21) the 
time association between the onset of the disease and childbirth was less direct, 
the interval between the puerperium and the initial symptoms being 3 years for 
two of the patients, 2% years for two others, and about 12 and 6 months, respec- 
tively, for the remaining two. It is pointed out, however, that the onset of the 
disease is often insidious and difficult to determine and that, were a greater degree 
of accuracy possible in this respect, the time relationship might be a more positive 
one. 
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Lest too much weight be placed on pregnancy as an etiological factor, due 
consideration must be given to the fact that the disease is especially liable to occur 
in younger women within the childbearing age limits. In addition to the married 
women with children, seven nulliparous women of childbearing age, only one of 
whom was married, and one female child were found in this series. Comparison 
of the ages at onset of the disease, as far as this can be ascertained in the two 
yroups, reveals that there was a much wider range within the nulliparous group, 
whose ages of onset (excluding that of the child) extended from 18 to 40, 
than in the group of parous women, whose ages of onset ranged from 24 to 33. 
Both groups are too small to permit any significant conclusions to be drawn, 
but the relatively narrower age range of the numerically larger parous group, as 
well as the fairly close relation of the time of onset of symptoms to that of a 
previous pregnancy, to which attention has been drawn, suggests that pregnancy 
and childbirth may represent a physiological and psychological stress which may 
precipitate a latent defect in some cases. 

\mong the older patients, two of the parous women (Cases 14 and 16) became 
ill at the time of the menopause, and in another, childless patient (Case 13), who 
had had her uterus removed at the age of 26, Cushing’s syndrome developed as a 
result of an adrenal carcinoma 25 years later. Two other patients, both married 
and with children (Cases 18 and 25), the first of whom also had an adrenal 
carcinoma, had the appearance of symptoms 11 and 13 years, respectively, after 
the menopause. 

\ number of the patients with Cushing’s syndrome had other diseases of some 
severity. Three (Cases 8, 23, and 25) had gallstones or gall bladder disease, and 
on all three a cholecystectomy was carried out. The first of these died of compli- 
cations of this operation. Two (Cases 13 and 16) had extensive pelvic operations, 
and the former, in addition to removal of the uterus for endometriosis in early 
adult life, had previously had a fibrocystic tumor removed from her breast; further- 
more, at the time of development of the Cushing syndrome she had a moderately 
severe rectovaginal fistula, which made her incontinent of feces on occasions. The 
initial symptoms of her endocrine illness were nervousness and anxiety, for which 
she received treatment from her physician. Another patient (Case 17) had 
obliterative arterial disease of the legs at the time of onset of her other symptoms, 
though the relation of this condition to Cushing’s syndrome is difficult to determine. 

l’sychological stress was a possible etiological factor in some of the cases. In 
Case 4, as has been recorded, the initial symptoms were those of a nervous illness, 
thought to be of a hysterical nature, which occurred while the patient was in 
service with the WAVES. In Case 5 the commencement of the illness coincided 
with a divorce, following a period of marital disharmony. In Case 7 a “nervous 
breakdown,” coinciding with the death of the patient's second baby during infancy, 
has been mentioned. In Case 12 the patient had severe social and domestic 
problems; her mother was crippled with long-standing rheumatoid arthritis; in 
addition to working as a mechanic, this patient had to look after and manage a 
household, which, besides her parents, contained three siblings. This patient, who 
was engaged to be married, is also said to have broken off her engagement on 
account of the illness. R. B. (Case 14) was the only one who had a family history 
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of mental disease. (ne of her sisters had had a nervous breakdown, and another 
had been an inmate of a state hospital for mental diseases for many years. This 
patient's illness is interesting, since it not only developed at the time of her meno- 
pause, but followed her husband’s coronary thrombosis, an event which incapaci- 
tated him to the extent that he had to give up his business, with the result that 
straitened financial circumstances forced the family to go on relief. 

Of the remaining eight patients, only one of whom had severe mental symptoms 
(Case 3), another (Case 22) being moderately disturbed, little is known of possible 
precipitating factors. Two of the three men (Cases 9 and 10) manifested their 
first symptoms while on overseas service with the armed forces, one while on 
Guadalcanal. 

Investigation of other constitutional or hereditary factors revealed little of 
significance. The patients were drawn from widely differing social levels, and 
their racial origins were extremely diverse. No specific tendency toward any 
particular type of disease, including endocrine disorder, was apparent from the 
family histories. One family, that of Case 23, was possibly prone to diabetes, while 
the relatives of two others (Cases 15 and 17) showed a tendency toward obesity. 
It is perhaps noteworthy that the father of R. A. (Case 1) was a short, stocky, 
round, red-faced man, whose appearance in some ways greatly resembled hers, but 
who denied, however, that his health was anything but good. The family history 
of mental illness in Case 14 has already been mentioned 

No inference can be drawn from these largely negative findings because of the 
retrospective method employed in the assessment of many of the cases. Many 
details which might have thrown light on possible hereditary or constitutional fac 
tors were, unfortunately, lacking from the records 


COMMENT 
Consideration may now be given to the nature and origin of the mental disturb- 
ance not uncommonly associated with this syndrome. 
It is obvious that no single clear-cut psychiatric picture emerges from the galaxy 
of mental symptoms that these patients present. If to these be added the mani- 


festations described by other authors,'® the catalogue of symptoms becomes so 
extended as to cover a large part of the total range of known _ psychiatric 
phenomena. 

Depression of some degree, often, though not invariably, associated with retard- 
ation, is perhaps the state most frequently encountered. Retardation, when absent, 
appears to be replaced by irritability in the form of agitation, anxiety, crying spells, 
or noncooperative behavior, or both retardation and irritability may appear in the 
same patient at different times. However, the variability of mental symptoms in 
these patients is so marked that Soffer’s statement, that mental changes when 
present are in general similar, needs qualification. 

Variation in the clinical psychiatric picture not only is seen from patient to 
patient, but also occurs strikingly in the course of the disease in any one patient. 


This is well shown by the fluctuation of mental symptoms in Case 1 of this series, 


16. (a) Altschule, M. D.: Bull. New England M. Center 11:229, 1948. (b) Cushing.1 
(c) Kepler and Locke.2¢ (d) Lintz.* (e) Maclay and Stokes.* 
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especially during the phase of postoperative recovery of her illness, during which 
she was frequently subject to episodic outbreaks of increased depression, agitation, 
and diminution of insight, of temporary nature and without apparent exciting cause. 

Both variation from patient to patient and variability in the nature of mental 
symptoms in a single patient also appear to be characteristic of the mental dis- 
turbance which sometimes occurs in association with corticotropin and cortisone 
therapy. Here, also, depression seems to be the commonest phenomenon, often 
associated with pronounced irritability and the expression of paranoid ideas. 
Sudden exacerbation in the severity of mental symptoms without apparent exciting 
cause is probably even more striking in these cases than in cases of Cushing’s 
syndrome, and a mental picture which is largely depressive in appearance may 
undergo a sudden transition to one which more closely resembles a schizophrenic 
state. ‘These cases bring to mind the difficulty sometimes encountered in the exact 
diagnosis of other types of psychotic disturbances not overtly associated with 
endocrine dysfunction, which has led in part to the application of the term schizo- 
affective disorder to many such forms of illness. 

There is a relation in most cases of Cushing's syndrome between the onset of 
bodily changes and the occurrence of mental symptoms, though either may 
seem to precede the other or the two may appear simultaneously. Schlezinger 
and llorwitz® believe that physical manifestations usually precede alterations in 
the mental state, although they note that the reverse is true in the case they them- 
selves describe. In the present series of cases, however, psychiatric symptoms were 
usually among the first to make their appearance, especially in those four patients 
(Cases 1 to 4) who exhibited the greatest degree of mental disturbance. The 
mental symptoms of these patients appeared at a stage at which the characteristic 
physical changes, though they had begun to appear, were barely striking enough 
to allow immediate recognition of the true nature of the condition, at least to the 
less experienced diagnostic eve. In Case 2, for example, the patient was for some 
months thought to be schizophrenic, and, as a result, received a considerable number 
of electroconvulsive treatments before the correct diagnosis was actually made, 
while in Case 4 rather severe mental symptoms preceded the occurrence of any 
definite physical changes for almost a year. The same held true, though to a less 
extent, in other cases with a more moderate degree of mental disturbance, though 
in all cases the severity of the mental symptoms seems to have increased in relation 
to the progress of the physical disease. This should not be taken to indicate that 
severe mental illness is more liable to occur in those cases in which the physical 
changes are grossest, merely that if mental symptoms are present these will prob- 
ably increase in severity as long as the physical disorder is allowed to progress 
unchecked. R. A. (Case 1), for example, who was severely disturbed, although 
having a typical Cushing’s svndrome in many respects, was not grossly disfigured 
by her condition, nor were the chemical and metabolic changes particularly pro- 
found. Other patients with severer physical symptoms showed proportionately 
much less mental disturbance, while in many patients, as has been seen, mental 
symptoms were either insignificant or absent. 

\ further analogy can be drawn here with cases of corticotropin and cortisone 


psychoses, in some of which many of the physical changes associated with Cushing’s 
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syndrome have been described,'* but in which frequently there is severe mental 
derangement without apparent physical alterations. In assessing these cases, how- 
ever, the original disease for which corticotropin or cortisone has been prescribed 
must doubtless be taken into account. Furthermore, the susceptibility of the indi- 
vidual patient to the effects of corticotropin or cortisone is subject to much variation 
and does not bear a direct relation to the dosage or to the length of time during 
which the drugs are administered, apart from the fact that there would seem to be 
an ill-defined threshold which must be exceeded before mental symptoms can be 
expected occasionally to occur. Indeed, one of the most striking features of the 
mental reaction sometimes encountered in response to these therapeutic agents is 
found not only in the relation between time of onset and dosage but also in the varia- 
tion in severity of the reaction and its prolongation after the offending drug has 
been withdrawn. This indicates that the limits of individual susceptibility are wide, 
especially as some patients become much disturbed by a low dose with relatively 
short administration. If a parallel does exist here, this explanation would also hold 
good for the inconstancy of occurrence of mental disturbance with Cushing’s 
syndrome. 

\bolishment of the adrenal hyperfunction by surgical removal of a tumor, by 
subtotal resection of the adrenals, or possibly in certain cases by irradiation of the 
pituitary relieves not only the physical and metabolic abnormalities, but also the 
mental disturbances. This, of course, excludes certain cases in which gross, and 
presumably irreversible, damage has occurred within the central nervous system, 
though it is probable that even in these patients some mental, as well as physical, 
improvement may be expected with adequate surgery, especially if the diagnosis is 
made reasonably early and treatment is sufficiently prompt. Patients who develop 
hypoadrenalism after treatment, in whom for some reason substitution therapy is 
inadequate, may be expected to show continued mental abnormality, though pos- 
sibly in a different form.’* Again, an analogy can be drawn with the reactions 
occurring with corticotropin and cortisone, which it appears subside spontaneously 
after cessation of therapy, though the length of time before resolution occurs is both 
highly variable and quite unpredictable 

In only two of the cases in this series was there evidence of a cerebral lesion; 
the abnormal pneumoencephalogram in Case 4, showing ventricular dilatation and 
cerebral atrophy, and the shrunken brain with some ventricular enlargement dis- 
covered at autopsy in Case 23 will be recalled. Both these findings are somewhat 
isolated, and therefore difficult to assess. Their importance lies in their compar- 
ability to similar changes described by others, and mention has already been made 
of Heinbecker’s and Pfeitfenberger’s observations '* in this respect. The patho- 
logical abnormalities described by these authors in a number of cases include internal 
hydrocephalus of mild but definite degree, atrophy of the cerebral convolutions, 
atrophy of the ependymal cells of the third ventricle and thinning of its floor, and, 
particularly, atrophy of the paraventricular nuclei of the hypothalamus. Heinbecker 
held that the latter change is secondary to the chronic internal hydrocephalus, which 
at first causes depression of hypothalamic function and later demonstrable, and 
presumably irreversible, changes in these nuclei. He also believes that functional 


17. Sprague, R. G.: Am. J. Med. 10:567, 1951. 
18. Gorman, W. F., and Wortis, S. B.: Dis. Nerv. System 8:267, 1947. 


19. Heinbecker.1° Heinbecker and Pfeiffenberger.™ 
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alterations in the hypophysis, which may be a cause of Cushing’s syndrome, 
are due to the hypothalamic damage. The cause of the hydrocephalus is uncertain, 
but it is thought that it may result from raised intracranial pressure, due either 
to increased secretion or to diminished absorption of the cerebrospinal fluid. 
However, it is somewhat difficult to distinguish cause and effect here. Further light 
has recently been thrown on the matter by the experimental work of Castor and 
others,*” who gave large doses of corticotropin and cortisone to rats, after which 
microscopic examination of the hypothalamus and parts of the thalamus and cerebral 
cortex was carried out. They found consistent cytological changes in the para- 
ventricular nuclei of the hypothalamus of all rats treated with corticotropin and 
similar changes in some of the thalamic nuclei in certain animals, while one animal 
had swelling and chromatolysis of the large ganglion cells in the stratum ganglionare 
of the neocortex. The changes found in those rats that had been given cortisone 
were more widespread and of a somewhat different character, though the hypo- 
thalamic and thalamic nuclei a; 


iin showed evidence of damage. As a result of 
these investigations, the authors conclude that degeneration of the paraventricular 
nuclei is a result of hyperadrenocortical activity, and not a cause of the disease, as 
Heinbecker suggested. Furthermore, the neuropathological changes which Hein- 
becker has recorded in patients with Cushing’s syndrome do not seem to have 
occurred in patients with an adrenocortical tumor, but only in those with adrenal 
hyperplasia. In the present series it is clear that mental disturbance of all degrees 
of severity was seen almost as frequently in association with tumors of the adrenal 
cortex as with hyperplasia, and such difference as does exist might well have been 
absent or reversed had not the total number of patients in whom hyperplasia was 
the anatomical diagnosis somewhat exceeded that with adrenal tumors. In passing, 
attention may be drawn again to Case 23, in which some degree of cerebral atrophy 
was demonstrated at autopsy, if only to point out that in this case the principal 
lesion was a carcinoma of the adrenal cortex. However, no further inference can 
be drawn, for other information is lacking and no histopathological examination 
of the brain was made. 

In Maclay and Stokes’s case,® that of a woman aged 29 with Cushing’s syndrome 
and mental symptoms of a depressive nature, autopsy revealed bilateral hyperplasia 
of the adrenal cortex, slight atrophy of the frontoparietal convolutions, and diminu- 
tion in the number of the basophile cells of the pituitary, the last change presumably 
being due to antemortem insertion of radon seeds. Dilatation of the ventricular 
system or other pathological abnormalities were, however, not recorded. In the 
case of Schlezinger and Horwitz® an adenoma of the adrenal cortex was found, 
and further examination revealed Crooke’s changes in the basophile cells of the 
pituitary. In addition, there were prounced congestion and edema of the brain 
parenchyma and focal areas of encephalomalacia in the frontal lobes. In life, the 
patient had, in addition to Cushing’s syndrome, severe depressive symptoms and 
some signs of extrapyramidal motor disorder. 

In another recent case, occurring elsewhere! also with mental changes, a 


basophile adenoma of the pituitary was discovered. In life, a ventriculogram showed 


20. Castor, C. W., and others: Proc. Soc. Exper. Biol. & Med. 76:353, 1951. 
21. The autopsy material in this case, that of a patient at the New England Center Hospital, 
was shown to one of us by Dr. H. E. MacMahon and Dr. J. S. Campbell, who permitted us to 


refer to their findings 
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marked dilatation of the third and lateral ventricles and deviation of the third 
ventricle posteriorly. At autopsy the ventricular distension was confirmed; the 
brain was large and compressed, and there was flattening due to compression of 
the superior corpora quadrigemina, the cerebellum, and the pineal body. Histo- 
logically, there were some gliosis of the ependyma of the third ventricle and patchy 
edema of the brain parenchyma. The cause of the internal hydrocephalus was unex- 
plained ; the pituitary tumor, being only 0.5 cm. in diameter, was of insufficient size 
to have caused mechanical obstruction of the cerebrospinal-fluid circulation, a fact 
well demonstrated by examination of the pituitary fossa, which, except for slight 
erosion of the posterior clinoid processes, was normal. Despite still commonly held 
ideas to the contrary, basophile adenomas, when they occur, are small, and it is 
therefore doubtful whether such a tumor can, if ever, give rise to pressure effects. 

Before leaving the subject of the relation of Cushing’s syndrome to cerebral 
damage and psychic disturbance, some reference may be made again to the 
views of Oldenberg and other Continental authors ** who have drawn attention to 
what they believe is a resemblance between the psychic disturbance of Cushing’s 
syndrome and postencephalitic personality disorders. The evidence presented is 
not convincing; furthermore, we believe that there is on the whole an over- 
frequent tendency to explain any psychic or endocrine disorder of obscure origin 
by postulating a past history of encephalitis, even in the absence of a history 
of this disease. All that can be said concerning the present series of cases is that 
in none of them were there any neurological findings resembling the effects of 
encephalitis, nor was there a history of this disorder in any. In addition, the 
psychiatric disturbance observed, except for an occasional tendency to somnolence, 
does not particularly resemble the mental disorder following in the wake of 
encephalitis. Finally, the degree of mental recovery which occurs after surgical 
correction of the adrenocortical hyperfunction would appear to exclude encephalitic 
cerebral damage, for if this were a cause such a degree of resolution could not be 
expected as a result of adrenal surgery alone. However, in view of the protean 
manifestations of encephalitis, it would be reasonable to suppose that this ailment 
may be an etiological factor in occasional cases. 

Whether or not corticotropin and cortisone can cause permanent cerebral dam- 
age largely remains to be seen, though there is growing evidence of such a possi- 
bility. A recent report °° describes the occurrence of status epilepticus in 3 of 40 
children treated with corticotropin for various complaints. In two of the three cases 
mental symptoms preceded the occurrence of the convulsive state, and in one case 
severe personality change, psychomotor seizures, aphasia, and apraxia persisted 
during the year in which the patient was afterward followed. In an unpublished 
case,** in which a boy aged 5 years with rheumatic fever was treated for eight days 
with cortisone, a convulsive state also developed, followed by a condition of decere- 
brate rigidity. 

The association of adrenocortical dysfunction, metabolic abnormalities, and 


mental illness is a subject of growing interest. Cushing’s syndrome implies pro- 


22. Oldenberg.* Wolf, D.: Schweiz. Arch. Neurol. u. Psychiat. 56:144, 1946 
23. Dorfman, A., and others: Status Epepticus Coincident with Use of Pituitary Adreno- 
corticotropic Hormones: Report of 3 Cases, J. A. M. A. 146:25 (May 5) 1951 
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found alteration in the metabolism of water, electrolytes, sugar, and protein; and 
most of the familiar physical changes are a direct result of these metabolic abnor- 
malities.“ It is not to be supposed that the nervous system can escape the effects 
of such biochemical disorganization; rather, the reverse is to be expected. Exten- 
sive investigation of the metabolic state of patients with chronic psychoses has been 
carried out by Altschule,'™ and other studies dealing with alterations of pituitary- 
adrenocortical function in patients with schizophrenia, involutional melancholia, 
and other severe personality disturbances are recorded by Hoagland and Pincus.*° 

Altschule found that the changes in carbohydrate and protein metabolism in 
patients with chronic psychoses resemble those seen in Cushing’s syndrome, there 
being, among other changes, impairment of glucose tolerance with a normal fasting 
blood-sugar level and insulin resistance, together with hypercreatinuria, a lowered 
blood-glutathione level, and decalcification. Furthermore, the author believes that 
there may be a causal relation between the alterations in carbohydrate and protein 
metabolism seen in patients with chronic psychoses and the psychosis itself, an 
opinion based on the giving of corticotropin to normal persons, which if adminis- 
tered in large enough doses causes similar metabolic changes, as well as mental 
disturbance. Also, electroconvulsive therapy, which may cause improvement in the 
mental state of psychotic patients, may, according to this author, result in lessening 
of the impaired glucose tolerance and in other parallel improvements in metabolism. 

Among the alterations in electrolyte metabolism seen in Cushing's syndrome, 
that of potassium metabolism demands especial attention. Hoagland ** has recently 
reviewed some of the evidence relating potassium metabolism to adrenocortical 
function, on the one hand, and the function of the nervous system, on the other. 
He states that homeostasis in the concentration of brain potassium is to be expected 
in association with optimal brain function, and that this may be abnormally modified 
if the concentration of brain potassium is elevated or depressed. Examination of 
serum-potassium levels was carried out extensively in most of the cases in the 
present series, and some degree of hypokalemia was a frequent finding, though no 
specific correlation between an abnormally low serum-potassium level, or fluctuation 
in this, and the occurrence, exacerbation, or remission of mental derangement was 
observed; nor was there any clinical evidence that the therapeutic administration 
of potassium chloride caused any amelioration of mental symptoms. However, 
this lack of correlation probably means little, as it is doubtful whether serum- 
potassium levels reflect to any true degree variations in intracellular potassium 
content ; nor perhaps in the presence of adrenal disease is it to be expected that the 
administration of potassium, although causing a rise in serum concentration, can 
correct a deficiency which is basically intracellular. In our experience, the admin- 
istration of potassium chloride to patients with psychosis resulting from cortico- 
tropin and cortisone is similarly without effect. Therefore, until a satisfactory 
method has been evolved by which intracellular potassium levels may be accurately 
computed, this matter must remain sub judice. 

It will be recalled that in six of the nine cases in the series in which an examina- 


tion of the spinal fluid was made, an increased total-protein content was discovered, 


25. (a) Hoagland, H.: In Life Stress and Bodily Disease, Baltimore, Williams & Wilkins 
Company, 1950, Chap. 21, p. 326. (b) Hoagland, H., and Pincus, G.: Proceedings of First 
Clinical ACTH Conference, Toronto, The Blakiston Company, 1950, p. 544. 
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and that in two cases in which the investigation was repeated after operation, the 
protein content of the spinal fluid was found to have fallen to normal, or near- 
normal, limits. The significance of this observation is uncertain, nor is there any 
evidence as yet that the abnormality bears any specific relation to mental disorder. 
This finding, however, suggests that here, again, is evidence of disordered function 
within the central nervous system, though the raised protein concentration may 
result from alteration in permeability of the blood-brain barrier, rather than 
directly from some metabolic deviation. The occurrence of an increase in the 
protein content of the spinal fluid brings to mind a similar state of affairs which 
occurs in myxedema, another endocrine disorder frequently associated with mental 
disturbance. In this condition there is also a fall in protein content as recovery 
takes place and the metabolic rate rises.*7 Another, less remarkable possibility is 
the connection with diabetes mellitus, in some cases of which an increased spinal- 
fluid protein also occurs.* 

Last, but not least, are the reactive psychological factors. First, as has already 
been observed, Cushing’s syndrome is a condition which, because of the hirsutism, 
the obesity, particularly affecting the face, and the changes in the skin, resulting 
in plethora, marmoration, and acneiform lesions, may cause extreme disfigurement. 
These are likely to be felt especially keenly by young women, the class of patients 
most prone to have this disease. Second, the bone changes, particularly osteoporosis 
of the spine, which, combined with slight trauma, may result in compression and col- 
lapse of one or more vertebral bodies, may, and frequently do, give rise to a severe 
disabling backache and other considerable discomfort. Third, the muscular weak 
ness and fatigue which are an almost invariable, and often severe, accompaniment 
of the illness, may restrict social and everyday activities. When these factors, 
combined with others, such as loss of libido, headaches, and dizziness, are taken into 
account, it is hardly surprising that some degree of depression, despondency, or 
discouragement occurs in many of the unfortunate sufferers from this disease. One 
example of this reactive depression to physical changes will suffice to illustrate the 
point. M. A. (Case 4+) was one of several patients who were greatly upset by the 
alterations in their appearance. While in the hospital she would frequently with- 
draw to the privacy of her room to escape the gaze of passers-by. How she felt 
can be understood from the bare statement in her record to the effect that in seven 
years her appearance had been transformed by her condition from that of an attrac- 
tive girl to that of an obese and bearded old lady 


CONCLUSIONS 
Finally, we wish to attempt to combine in the form of a working hypothesis 
some of the more important elements of the pre yblems which have been outlined and 
discussed in this paper. Until many further observations have been collected, and 
much more detailed study has been carried out on this somewhat amorphous mass of 


material, formulation is necessarily inexact and incomplete. That we have attempted 


it at all is due to the belief that in so doing further clarification of the patently 

27. Thompson, W. O., and Thompson, P. K.: J. Clin. Invest. 6:347, 1928. Thompson, W. O.; 
Thompson, P. K.: Silvers, A. B., and Dailey, M. E.: The Cerebrospinal Fluid in Myxedema, 
Arch. Int. Med. 44:368, 1929. 
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complicated relation between endocrine dysfunction and mental disorder will be 
achieved 

In all hypotheses there must be an initial assumption, and the present one, 
which is no exception to the rule, is based on the belief that Cushing’s syndrome is 
one possible result of exposure to nonspecific stress exerted on a person in some 
as yet unknown way. The foundations for this belief have been laid by Selye and 
his associates, who have established the relation of nonspecific stress and nervous 
and psychic phenomena to primary and secondary activation of the pituitary- 


adrenal system.** True, it is difficult to perceive the nature of the stress, if any, 


to which some of the patients presented may have been subjected; and to suggest, 
for example, that pregnancy, among other possibly significant happenings, can be 
considered as a stressful occurrence may seem to some rather far-fetched. How- 
ever, what can and cannot be considered as a stress must be viewed in relation 
to the subject. In patients in whom a strong latent predisposition exists to a dis 
ease determined by factors which are as yet largely unknown, stressful precipitating 
occurrences may be slight, and probably in some cases so apparently insignificant 
as to escape notice. 

Therefore, of the many possibilities which can result from the interaction of 
external environmental stresses and a person of certain predetermined disposition, 
chronic adrenal hyperfunction may well be one. That which produces the endocrine 
dysfunction may also cause the neuropsychiatric disorder, or either of these dis 
turbances may be a consequence of the other. Furthermore, it is likely that as a 
result of the same, or similar, interactions, either endocrine disease or mental illness 
may, and commonly does, occur alone, for, as has been seen in many of the cases 
under discussion, mental disorder is by no means an invariable associate of Cush 
ing’s syndrome. Conversely, the work of others ** has revealed evidence of endo 
crine abnormalities in the schizoatfection reaction, which is at present considered to 
he a primary mental disorder. 

nce the endocrine dysfunction has become established, metabolic abnormalities 
arise which may cause secondary impairment of cerebral function, and possibly in 
some cases actual cerebral lesions. Either of these may result in mental disturbance, 
and in the second instance possibly prevent complete recovery from this. Similarly, 
physical symptoms appear which may themselves give rise to psychological diffi- 
culties of a reactive kind; the latter, in their turn, may, in common with mental 
symptoms of metabolic or other origin, add to or exacerbate the stress under which 
the person already labors 

SUM MARY 

lhe neuropsychiatric abnormalities observed in a series of 25 cases of Cushing’s 
synd ome are described. 

The significance of these findings, together with those of a number of other 
authors, is discussed, and a comparison is drawn between these abnormalities and 


those which sometimes occur as a complication of treatment with corticotropin and 
cortisone. 
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Emphasis is laid on the fact that, although mental disturbance may be severe, 


recovery from this, as well as from physical disabilities, is to be expected in a rea- 


sonable proportion of cases as a result of adequate surgery, which, it would seem, 
is the treatment of choice. Three of the four most severely disturbed patients in 
this series recovered as a result of such treatment 

Che fall in the increased protein content of the cerebrospinal fluid after opera- 
tion, which has also been observed, is thought to be a further indication of the 
reversibility of the abnormal cerebral function. 

In certain cases full recovery may be delaved or prevented, owing to hypo 
adrenalism following operation, which may later be controlled, or possibly as a 
result of grosser or irreversible cerebral damage 

In addition, some possibly significant etiological factors are described, and an 
effort is made to relate these to the occurrence both of endocrine dysfunction and 


of mental symptoms. 


RELATIVE EFFECTS OF OCCIPITAL AND PERIPHERAL BLINDNESS 
UPON INTELLECTUAL FUNCTIONS 


JACOB LEVINE, Ph.D. 
NEWINGTON, CONN. 


PROBLEM 


I \SHLEY * has shown that the occipital cortex of the rat possesses important 
4 


extravisual functions in the learning of the maze. One would expect that in 
man this cortical area would likewise have significant cortical functions, independent 
of its role as the primary visual center. Particularly in the intellectual areas should 
the contributions of the occipital cortex be evident. In our well-standardized 
intelligence tests we have etfective instruments for measuring the extent of these 
contributions in the normal human subject. However, either reliable test information 
prior to brain injury has not been available or the disturbance has been so severe 
that extrapolation to normal intellectual function has not been possible. 
ven if desirable cases were available, the question arises whether the intelli- 
gence tests in ordinary use in clinical work are sensitive enough to measure any 
loss in intellectual capacity resulting from damage to the occipital cortex. A test 
like the Wechsler-Bellevue Intelligence Scale, which utilizes a variety of test situa- 
tions and is widely used clinically, might be an effective instrument in measuring 
the deteriorative effects of occipital injury. \ number of studies with this test have 
demonstrated its usefulness in detecting mental deterioration as a result of brain 
damage. [Even small lesions of the brain have been detected with this method. 
For a cortical lesion to be large enough to cause bilateral blindness it must be 
extensive and must cover most of the total occipital area (according to Krieg,*? one- 
tenth of the neurons of the entire cortex are in the visual receptive area). Further, 
as with other brain injuries, occipital lesions will probably have a differential effect 


upon the various intellectual operations tested by the Wechsler-Bellevue Scale. 


EXPERIMENTAL PROCEDURI 


The present experiment was set up to compare the performance of three groups of patients 
who had been blinded during World War II. One group had lost their sight by direct injury to 
the eyes, while the second group had intact eyes but had become blind as a result of a brain 
injury involving the occipital cortex. The precise limits of these injuries to the brain were not 
known, and they probably involved other cortical and subcortical areas. But in each case the 


Chief, Psychological Services, Veterans Administration Hospital, Newington, Conn. 
Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the author are the result of his 
own study and do not necessarily reflect the opinion or policy of the Veterans Administration. 
1. Lashley, K. S.: Studies of Cerebral Function Learning: XII. Loss of the Maze Habit 
After Occipital Lesions in Blind Rats, J. Comp. Neurol. 79:431-462, 1943. 
Krieg, W. J. S.: Functional Neuroanatomy, Philadelphia, The Blakiston Company, 1942 
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locus of penetration of the skull was the occipital pole. All members of the group with peripheral 
injuries (P group) were totally blind, whereas those of the group with occipital lesions (O 
group) had some residual sight because of macular sparing. To serve as a control a third group 
of subjects was added, peripherally blinded and with an injury to an area of the brain other 
than the occipital (N group) 

The members of all three experimental groups had been given the Army General Classification 
Test before they were blinded, when they first entered the Army. This test consisted of three 
subtests: Vocabulary, Arithmetic, and Block Counting. Subsequent to being blinded, each subject 
was given the Wechsler-Bellevue Intelligence Test, verbal scale, which consists of six subtests: 
Information, Comprehension, Digit Span, Arithmetic, Similarities, and Vocabulary tests. In 
an earlier paper I° reported the test finding on 624 of these blinded soldiers. The results 
indicated that blindness alone, when it occurs in adult life, does not appear to affect intellectual 
functions as measured by this test. No essential differences could be found between this blinded 
group and other, nonblinded veterans except for a somewhat lower Digit-Span score, which was 
attributed to decreased attentivity. 

In this study a direct comparison of scores on the Army General Classification Test and the 
Wechsler-Bellevue Intelligence Test was not possible because the Wechsler-Bellevue total score 
is weighted, whereas the Army General Classification score is a standard one. But the subtest 
scores of the Wechsler-Bellevue Scale are standard scores, with a mean of 10 and a standard 
deviation of 3; the Army General Classification mean is 100, and the standard deviation is 20. In 
order to make means and standard deviations of the Wechsler-Bellevue subtests comparable with 
those of the Army General Classification Test, each of the six Wechsler-Bellevue subtests was 
taken independently and the individual scores were equated with the scores for the Army 
General Classification Test by means of a conversion table. Each subtest mean of 10 was 
converted to 100, and the standard deviation of 3, to 20. Thus, each subtest unit above or below 
the mean of 10 was multiplied by 6.67 and added to or subtracted from 100 to obtain the 
equivalent Army General Classification score. For example, a subtest score of 13 became 120 
as an Army General Classification equivalent; a score of 8 became 86.67. The range was 53.33 
to 153.33 

The differences between each subject’s equivalent subtest score and his Army General 
Classification score were then tabulated, and a mean difference was calculated. The significance 
] 


of the individual differences was determined by the usual small-sample formula for the sig- 


nificance of the difference between related means. Each Wechsler-Bellevue subtest was thus 


compared independently with the Army General Classification Test. 


RESULTS 
The results are tabulated in the accompanying table. In the last column are the 


average scores for the total sample of 407 blinded soldiers. It can be seen that 


performance on each of the Wechsler-Bellevue subtests following blindness, except, 


the Digit Span, is higher than the earlier Army General Classification score. The 
118 subjects of the P group obtained mean scores on all tests very similar to the 
mean score for the total sample; postblindness scores were again above those for 
the preblindness Army General Classification Test in all Wechsler subtests except 
the Digit Span. 

When performances of the O group are compared with those of the P group, 
several interesting differences are observed. In the Army General Classification 
Test the O group did considerably better than the P group; the N group’s perform- 
ance was in between. But after being blinded, the O group fell below the P group in 
four of the six subtests. This postblindness inferiority of the O group assumes 

3. Levine, J.: Intelligence Test Scores of Newly Blinded Soldiers, J. Consult. Psychol. 


14:311-315, 1950. 
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greater significance in view of the preblindness superiority. The N group, on the 
other hand, retained its higher mean preblindness scores in four of the six subtests 
after blinding 

The test which probably reflects the greatest difference between the O and the 
P group is the Arithmetic. The individual Arithmetic scores for the P group are 
consistently higher than the Army General Classification Scores. The average of 
the individual ditferences is statistically significant to the 1% level of confidence. 


the © group, the situation is reversed: The individual Arithmetic scores after 


kor 
blindness are below the Army General Classification scores, and the mean of these 


differences is likewise significant to the 1% level. The scores for the N group 
again seem to fall somewhere between those for the other two, but tend toward 
those for the © group The individual Arithmetic scores tend to be lower than the 


Army General Classification scores, but the mean difference is not significant. 


ferences Betz Army General Classification Test and Wechsler- 
f Brain-Inj d m-Brain-Injured Blinded Soldiers 


Blinded 
Total 
Nonoccipital Injury Peripheral Injury Sample 
32 407 
100.5 3.7 
Mean 
Difference 

W-B Pt 
Mean and AGCT Value ane Mean 
$4.95 0.05 3.3 + 9.63 ) 104.5 
107.5 
93.3 
102.7 
106.7 


106.7 


ral Classification Test; W-B, the Wechsler-Bellevue Intelligence Test 


ty that a difference this great or greater could have arisen simply through errors of random 


In all three groups, the Digit Span score was the lowest subtest score, though 


it was significantly lower than the Army General Classification score in only the 


© and the N group. The Similarities test showed the greatest consistency for all 


three groups. Scores in this test were significantly higher. These two findings are 
strikingly consistent with those of the earlier study of the total sample,* in which 
the Digit Span score was the lowest subtest score and the Similarities score nearly 

highest. The lower Digit Span scores were interpreted in that paper* as 
reflecting an impairment of attention because of anxiety resulting from Army 


experiences, especially the loss of sig] * 


COMMENT 
The conclusions which are drawn from the present study must be tempered by 
the recognition of two important uncontrollable shortcomings. The first is the 
obvious fact that two separate, though similar, intelligence tests were used as a 
basis of comparison of the effects of occipital-lobe injury. The two tests were 
standardized on two ditferent samples, although in terms of age, education, and 
social status the two appear comparable. Of greater importance is the fact that 


the extent of the lesions in any of the brain-injured patients is not known. In the 


iverage inmdtwidual 
Bellevue core 
i 
‘ Occipital Injury 
‘ 
\GCT Meat 104.0 
Mean 
Difference 
W-B Pt 
W-B* Subtest Mear ind AGCT Value 
rmatior w13 > 0.60 
Digit span 82.7 7 0.01 
Arithmetic 17.08 0.01 
s rities l + 6.18 0.05 
Vocabulary 1.48 0.70 7 18 0.10 95.5 + 9 05 0.20 
Chis is the prob 
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case of the occipital group, for instance, we do not know how much of the pert- 
striate and subcortical areas was involved in the injury. We can assume that on 
the whole the amount of brain damage in the occipital group is larger than in the 
nonoccipital group, since even minimal lesions were included in the latter. The 
failure of the N group to show as much mental deterioration as the O group may 
therefore have been due to less cortical damage. 

Notwithstanding the foregoing limitations, the present findings indicate that, 
in addition to serving as the primary cortical center for vision, the occipital cortex 
of man performs important intellectual functions. In this respect, they confirm the 
findings of Lashley with the rat. They also tend to support his hypothesis that the 
occipital cortex possesses functions of a nonvisual nature, which it performs in 
common with the other cortical areas. The inference may be drawn that cortical 
tissue possesses nonlocalized integrative properties which characterize behavior in 
general but which are particularly evident in the so-called higher mental processes. 
The clinical findings of other investigators with the Wechsler-Bellevue Intelligence 
Test tend to support such a conclusion. These studies have shown that, regardless 
of the locus of the brain lesion, certain test situations of the Wechsler-Bellevue 
Scale consistently reveal signs of mental deterioration, whereas other subtests are 
less vulnerable. Wechsler * found that Vocabulary, Information, and Comprehen- 
sion scores were least affected by brain injury, whereas Digit Span and _ Digit 
Symbol scores were most affected. On the basis of his study of intellectual impair 
ment following head injuries, Ruesch* concluded that certain general functions 
were most severely affected, namely, speed, judgment, and ability to sustain effort. 


\ccording to Ruesch, “the impairment seems to be related to the severity of the 


brain damage,” and not to the locus. Schilder,” Benton and Howell,’ and Conkey 


independently concluded that a generalized defect was observable in their cases of 
brain injury. Since 1881, when Goltz * emphasized the significance of attention as 
the important general function most clearly affected by brain damage, investigators 
have continually hypothesized general cortical properties common to all areas. 
Lashley ' has made these notions most explicit and acceptable experimentally. The 
present study, in conjunction with the other clinical evidence, clearly supports such 
a hypothesis. 

In the present study, the test situations which show the greatest drop in score in 
the group with occipital lesions seem to be those which are most dependent upon 
speed of thinking and sustained attention. These are the Arithmetic and Digit Span 
tests. The fact that the O group showed impairment in the ability to solve relatively 


simple arithmetical problems that have short time limits may indicate a specific loss 


4. Wechsler, D.: Measurement of Adult Intelligence, Ed. 3, Baltimore, Williams & Wilkins 
Company, 1944 

5. Ruesch, ].: Intellectual Impairment in Head Injuries, Am. J]. Psychiat. 100:480-496, 1944 

6. Schilder, P Psychic Disturbances After Head Injuries, Am. J. Psychiat. 91:155- 
188, 1934 

7. Benton, A. L., and Howell, I. L.: The Use of Psychological Tests in the Evaluation of 
Intellectual Function Following Head Injury: Report of a Case of Post-Traumatic Personality 
Disorder, Psychosom Med. 3:138-151, 1941 

8. Conkey, R. C.: Psychological Changes Associated with Head Injuries, Arch. Psychol 
232: 1-62, 1938. 


9. Goltz, F.: Uber die Verrichtungen des Grosshirns, Arch. ges. Physiol. 26:1-49, 1881 
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of old-established learned habit patterns. But it appears more likely that the lowered 
score reflects a reduction in the ability to think rapidly and with concentrated 
attention. That the Arithmetic score is a genuinely depressed score is further evi- 
denced by the fact that approximately one-third of the Army General Classification 


Test consists of similar arithmetical problems. The lowered Digit Span score sup- 


ports this inference, since, to some extent at least, this test measures similar 
functions 

It is interesting that those intelligence test situations which were least affected 
by brain injury in this study, as well as in other studies, are just those which 
involved the abstract thinking emphasized by Goldstein.‘ Thus, Wechsler * and 
Allen! found that the Information, Comprehension, Vocabulary, and Similarities 
subtests were least affected. The Similarities subtest would appear to be the one 
most clearly to characterize abstract thinking. In the present study, this subtest 
showed the least, if any, etfect of brain damage. The explanation may lie in the 
fact that the scoring of these subtests is not sufficiently sensitive to pick up the 
iunpairment in abstract thinking produced by such lesions. 


CONCLUSIONS 


rhe intelligence test scores of three groups of blinded soldiers were compared 
before and after blinding. The three groups comprised (a) veterans who were 
blinded as a result of an injury to the occipital cortex; (b) veterans who were 
blinded by direct damage to their eyes, and (c) veterans who were blinded by direct 
damage to their eves but who also had injuries involving areas of the brain other 
than the occipital cortex. Scores on each of the six tubtests on the Wechsler- 
Bellevue Intelligence test, verbal scale, were compared with scores on the Army 
General Classification Test, which was taken by each subject prior to blindness, 
upon entrance into the Army. 

The results indicated that occipitally blinded subjects showed impairment of 
intellectual functions after the brain injury. The blinded group with lesions in areas 
other than the occipital lobe also showed impairment of mental function, but not as 

‘at_ as the group with occipital injuries. This ditference was interpreted as 
resulting from a difference in the amount of cortical tissue destroyed in the two 
groups 

The most striking loss occurred in the Arithmetic score; this loss was inter- 
preted as due to general impairment of capacity to perform mental operations with 
speed and with sustained attention. In general, the findings were considered to 
support Lashley’s hypothesis that the occipital cortex, in common with other 
cortical areas, performs intellectual functions of a nonvisual nature. Certain uncon- 
trollable factors, such as ignorance of the extent of the brain lesions, reduce the 
validity of this study. 


10. (a) Allen, R. M.: The Test Performance of the Brain Injured, J. Clin. Psychol. 3:225- 
230, 1947. (b) Rapaport, D.; Gill, M., and Schafer, R.: Diagnostic Psychological Testing: The 
Theory, Statistical Evaluation, and Diagnostic Application of a Battery of Tests, The 
Menninger Clinic Monograph Series No. 3, Chicago, The Year Book Publishers, Inc., 1945, 
Vol. 1 

11. Goldstein, K.: After-Effects of Brain Injuries in War: Their Evaluation and Treatment, 
New York, Grune & Stratton, Inc., 1942 


EFFECTIVENESS OF CHORDOTOMY IN PHANTOM 
AFTER AMPUTATION 


JAMES C. WHITE, M.D. 
AND 


WILLIAM H. SWEET, M.D. 
BOSTON 


YO FORM of post-traumatic neuralgia causes greater distress to its victims, or 
is more difficult to relieve, than the painful phantom of an amputated limb. 
Ten years ago Bailey and Moersch,' after summarizing the experience at the Mayo 
Clinic, found that no form of surgical intervention was effective. They concluded 
that the disagreeable postural illusions and painful sensations must originate at 
supraspinal levels and that their ‘origin is central (that is, intracranial) and most 
probably psychic.” This opinion is still frequently cited, and the general consensus 
is that anterolateral chordotomy generally fails to relieve the painful phantom of 
the amputee ( Browder and Gallagher *; Horrax *). Riddoch, who wrote one of the 
best descriptions of this condition, was not so pessimistic and stated that “when 
pain in the phantom is successfully abolished by lateral cordotomy . . ., the 
phantom may behave as if it has been painless from the first.” In our experience 
with 14 cases in which the pain was so severe that surgical relief became imperative 
to prevent narcotic addiction, painful sensations in the amputated foot or hand were 
abolished in 11 and failed to reappear as long as total insensibility to ordinary pain 
ful stimuli (analgesia) persisted. 


Our recent evaluation of 241 anterolateral chordotomies, published in collabora- 


tion with Hawkins and Nilges,® has shown that to achieve and maintain complete 


and permanent analgesia, radical transection of the contralateral anterior quadrant 
of the cord is necessary. The level of transection must be well above the highest 
inflow of the primary sensory axons, as the secondary axons may require a larger 
number of segments for the decussation than is generally supposed (White, Sweet, 


Hawkins, and Nilges*). To be successful the level must be established at operation 


From the Neurosurgical Service of the Massachusetts General Hospital. 

Read at the Seventy-Sixth Annual Meeting of the American Neurological Association, 
Atlantic City, N. J., June 19, 1951 
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on the conscious patient, with the use of local anesthesia,® and analgesia must remain 
so complete that the patient never regains the ability to discriminate between a blunt 
and a sharp point by any difference in sensation whatever. The surgical technique 
and methods of testing employed by many neurosurgeons do not measure up to 
these standards, and their results have been unsatisfactory. This applies as well to 
relief of pain in malignant disease, tabetic crises, and many other benign conditions. 

\s a result of inability to achieve more consistent satisfactory results in many 
varieties of severe persistent pain by anterolateral chordotomy, numerous authors 
have recently advocated the substitution of bilateral frontal leucotomy (Freeman 
and Watts*; Hawkes and Gotten *; Hamilton and Hayes *; Kolb Leucotomy 
is a far easier technical procedure for the surgeon; but because of the severe mental 
and psychical deterioration that so often ensues, we feel that it is never justified 
except as a last resort. We are willing to recommend leucotomy only when pain is 
situated at too high a level to be controlled by section of the spinothalamic tract in 
the cord or medulla, or after a properly executed chordotomy has been tried and 
failed ( White ''). 

There should be no difficulty in convincing members of the medical profession 
that specific interruption of pain-conducting axons within the spinal cord is prefer- 
able to cutting the frontothalamic connections, provided it can be shown that the 
more conservative operation is followed by a gratifying proportion of successful 
results without serious complications. Our experience with 10 cases of painful 
phantom of the amputated lower extremity, summarized in Table 1, leaves little 
question on either score. There have been no deaths in this series (or in 32 addi- 
tional chordotomies performed for other nonmalignant neuralgias). There has also 
been no serious motor weakness—a potential complication especially to be feared, 
since it would involve the sound limb. Seventy per cent of patients have been 
reheved of all pain connected with the phantom, and in 3 of these patients awareness 
of the phantom has disappeared as well. These patients have been followed over 
periods ranging from 18 months to 3 years. 

lhe three failures deserve special consideration. Lack of success in Case 10 
was due to our inability to obtain an adequate extent of analgesia. In Case 4 the 
patient was completely relieved at first, but pain returned with the reappearance of 
islands of hypalgesia in the stump, which gave rise to paresthesia on rapid pricking 


with a pin. Persistence of the painful phantom in Case 7 was the only instance in 


which an apparent complete severance of pain pathways below the midthoracic level 


failed to relieve a sensation of heat in the phantom foot and disagreeable paresthesias 


6. Local anesthesia can, however, be supplemented with light thiopental-sodium and nitrous 
xide anesthesia, the patient being allowed to awaken for testing and then again put to sleep. 
With patience on the part of the surgeon and occasional resort to pentylenetetrazol U. S. P. 
(metrazol™), adequate sensory testing can be carried out with a minimum of discomfort 

7. Freeman, W., and Watts, J. W Pain Mechanisms and the Frontal Lobes: A Study 
it Prefrontal Lobotomy for Intractable Pain, Ann. Int. Med. 28:747-754 (April) 1948. 

8 Hawkes, C. D., and Gotten, N Pre-Frontal Lobotomy Vs. Cordotomy for Relief of 
Intractable Pain, Tr. Am. Neurol. A. 73:208-210, 1948. 

9. Hamilton, F. E., and Haves, G. ] Prefrontal Lobotomy in the Management of Intracta- 
ble Pain, Arch. Surg. 58:731-738 (June) 1949 

10. Kolb, | Psychiatric Aspects of Treatment for Intractable Pain in the Phantom Limb, 
M. Clin. North America 34:1029-1041 (July) 1950 

11. White, J. C.: Frontal Leucotomy Versus Cordotomy for Relief of Pain, Surg., Gynec 
& Obst. 92:469-480 (April) 1951 
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in the pelvic stump. In this case, with recurrent pelvic chondrosarcoma, it 1s pos- 
sible that secondary pain-conducting axons had escaped destruction, as one cannot 
test for the presence of sensory connections from a missing extremity. 

There were postoperative complications in three cases. Partial retention of urine 
in Case 6 was relieved by transurethral resection of the hypertrophied prostate 
Slight residual weakness of the leg on the side of the cord incision was the cause of 


mild complaints by the patient in Case 9, a woman with a leg already weakened by 
TABLE Relief of Phantom Pain After Amputation of the Lower Limb 


Level of 


Chor Anal 
Condition dotomy gesia Result 
ot 18 yr. after thigh T2 Patient comfortable at 2% yr., although 
two previous unsue he noticed occasional sensations in 
l resections of neuromas phantom great toe 
sensations in phantom " T7 Free of pain at 27 mo., but aware of 
after hip mild sense of stiffness in foot and big 
toe 
1 in in phan T2 Ts Complete loss of pain, as well as of 
mo, after hip dis awareness of phantom, at 8 mo 


in phantom lee and im yy TS Pain-free stump with loss of phantom 
after thigh amputatior for S mo., with gradual return to for- 
2 yr 
for 9 mo., with re- 
coincident with 
appearance of islands of hypalgesia 
1 in phantom foot and in below- T3 T: All phantom pain relieved, but patient 
amputation stump for 17 yr “1 of residual burning in 
1d annoyance from cutaneous 


ibetes with midthigh amputa- T3 Fre all pain, as well as phantom 
eramps in sole and pain per nsations, at 4% yr 
sisting in phantom big toe after 


1 stump and burning in phan Tots failure; no improvement after 
after hip dis rior chordotomy (column of Goll); 
chondro ameliors n following bilateral frontal 
lum 
sympathectomy 4 asting ‘lief of phantom pain at 13 
m of right nN but recurrence of local stump 
suerger’s neuralgia in an island of hypalgesia 
foot projected from T3 i dt secondary chordotomy 
with toes contracted 
ykes amputation necessi ree of all pain and awareness of phan 
tated by old poliomyelitis and in ’ it Ybe yr 
ection, followed for 
neur nh stump an 


thigh amputa tecurren with islands of 


recurrence t mo. with islands 
hypalgesia in both stumps 


Incom High-grade hypalgesia to T7, with 
plete out relief; effective relief after bilat 
rontal leucotomy, but mental de- 

required institutional care 


poliomyelitis. A disagreeable rare side-effect of chordotomy occurred in Case 5, as 


the patient, in whom all phantom sensation and pain had disappeared, acquired a 
burning sensation in his stump and a neurotic fixation on the fact that he could 
pass a needle through the analgesic skin without any feeling of pain 

In summary, it is evident that, with rare exceptions, it is possible to relieve 
the painful quality of a phantom lower extremity, and often all awareness of the 
phantom as well, by a properly executed anterolateral chordotomy. 

With amputations of the upper extremity the problem is much more difficult, as 


it is not an easy matter either to achieve or to maintain analgesia over the entire 


‘ 
Age, 
Case Yr 
1 C.W 70 Phantoy 
amp 
cess! 
A.N Crushin 
ankle 
arth 
H.A Pinchin 
tor 
articulation 
4 M.D 40 
A.D 73 P 
analgesia 
vr 
P 
NB Pi 
J.B ay 
phantor 
10 W.S Bilateral traur.atic 
tior at yy yr patient com lett hypalgesia in stump 
painfully contracted paranoid bilat plete 
psychosis and morphine addic eral 
lett 
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distribution of the brachial plexus. Yet Falconer and Lindsay,’* in New Zealand, 
have reported success in two patients followed for 12 and 6 months, respectively. 
Our experiences in four cases are summarized in Table 2. In Case 12 there was 
immediate lack of success despite an apparently adequate level, and in Cases 11 and 
13, ultimate recurrence of pain after three years and six months, respectively, as 
the level of analgesia ultimately fell. In Case 14 recent follow-up information shows 
that there has been no return of pain in 18 months. It is quite impossible to 


explain the mechanism of late falls in the level of analgesia and its replacement by 


hypalgesia. From our experience with a large series of chordotomized patients, 


it is clear that the original pain often, although not invariably, will return if there 
is recovery of even small patches of hypalgesia (when the point of a pin projecting 
beyond the finger tip is not necessarily felt as sharp, but is perceived as different 
from the pressure of the finger tip alone). In cases of this sort a few pain-conduct 


ing axons must remain intact, and a more radical transection of the anterolateral 
Pasce 2.—Relief of Phantom Pain After Amputation of Upper Limb 


Level of 
Chor 
Condition dotomy 
Traumatic amputation of ipper Medulla Freedom from all painful and phantom 
humerus with infeetion; multiple below sensation for 3 yr.; gradual recurrence 
operations for drainage resec obex to complete return of pain at 5 yr 
tion of neuromas, and brachial 
plexectomy 
raumatic amputation of forearm, ) Analgesia apparently complete at 9 mo., 
with fingers painfully eontracted; it painful fingers still project from 
postcentral resection of sensory imp 
cortex, without nefit 


disarticulation for } { fo } mo.; then recurrence with 

with contracted : si and reference of sensory 

1 and hand; anterior li in lower part of body to stump 
izotomy and post 


putation, , nt free from symptoms and work 
in phan steadily at 18 mo 


column wall usually relieve the sufferer again. We have hesitated to attempt this 


in our high cervical chordotomies but have done so with success in an amputee with 
pain limited to the stump. Unfortunately, in this series, the secondary chordotomy 
in Case 4 was a tailure, for the sensory level had again fallen at nine months. 

In Case 10 an attempt was made to sever the pain pathways completely on each 
side. In spite of every effort, we found it impossible to produce a complete and 
enduring analgesia. .\t each operation the patient, fully conscious, was tested care- 
fully on the table and a satisfactory sensory level obtained, only to have analgesia 
replaced by hypalgesia, with return of the painful phantom within a month. As this 
man was addicted to alcohol, as well as morphine, and was also developing paranoid 
traits, bilateral frontal leucotomy was finally performed. He was freed of his pain 
and drug addiction, but at the cost of such severe mental deterioration that he had 
to be committed to a state hospital for the seven ensuing months. At the end of 
this period his psychological status has definitely improved, and it is hoped that he 
will soon be able to return to his home. 


M. A., and Lindsay . } Painful Phantom Limb Treated by High 


Cervical Chordotomy: Report of 2 . J. Surg. 33:301-306 (April) 1946 
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COMMENT 


We have taken care to record our difficulties in detail in order to assess the value 
of chordotomy in this admittedly difficult problem of phantom pain. It is clear that 
this pain is abolished in a high proportion of cases as long as analgesia is complete. 
Under these circumstances, the phantom remained painful only in Case 7 in the 
lower extremity and in Case 12 in the upper extremity. We were unable to produce 
an adequate degree of analgesia in Case 10 or to maintain it permanently in Cases 4, 
11, and 13, amputations being at the shoulder level in the last two cases 

(ther varieties of surgical intervention, aside from operations on the frontal 
lobes, have failed in a far higher proportion of cases. Resection of end-bulb 
neuromas of the severed nerves in the stump or reamputation is never successful 
(Livingston '*). Ellonen,'* in Finland, reported a number of favorable results 
following lumbar sympathetic block or sympathetic ganglionectomy, but his com- 
patriot Kallio!’ who followed a larger series of patients for longer periods, found 
that lasting improvement was extremely rare. Echlin '® reported a single successful 


result following lumbar sympathetic ganglionectomy, in which he was able to repro- 


duce the painful symptoms on stimulating the lumbar chain, with the use of local 


anesthesia. This case is well documented, with many months’ observation; yet in 
stimulating the lumbar ganglia in five conscious subjects and the upper thoracic 
ganglia in three others, we were never able to elicit pain referred to the foot or hand, 
and could elicit it to the upper arm only once. While sympathectomy in our hands ™ 
has often given effective relief from persistent pain located in the stump following 
toe or finger amputations (when the neuralgia was associated with cold, cyanotic 
extremities and was temporarily relieved by sympathetic block), we doubt whether 
this operation has much to offer in the case of amputations above the ankle or wrist. 
A most instructive wartime experience was reported by Woodhall,'* in which a 
soldier suffered from both a disagreeable cramping phantom of his hand and causal- 
gic burning pain in the forearm stump. .\fter thoracic sympathectomy, the causalgic 
syndrome disappeared, but the phantom remained unchanged. In addition to this 
observation, a case was reported by Echols and Colclough '* in which a painful 
phantom developed after amputation of the leg for progressive arterial occlusion 
after a previous sympathetic denervation 

Posterior chordotomy to interrupt postural sensations ascending in the dorsal 
columns has been advocated by Pool *° and by Browder and Gallagher.* In only one 


of Pool’s three cases was relief satisfactory after a brief period of observation, and 


13. Livingston, kK. | The Phantom Limb Syndrome: A Discussion of the Role of Major 
Peripheral Nerve Neuromas, Neurosurg. 2:251-255 (May) 1945. 

14. Ellonen, A t la sympathectomie sur le fantOme douloureux d’un amputé, 
Acta chir. scandinav. 93:1: , 1946, 

15. Kallio, K. I Permanency of Results Obtained by Sympathetic Surgery in the 
Treatment of Phantom Pain, Acta orthop. scandinay. 19:391, 1950 

16. Echlin, F Pain Responses on Stimulation of the Lumbar Sympathetic Chain Under 
Local Anesthesia: Case Report, J. Neurosurg. 6:530-533 (Nov.) 1949, 

17. White, J. C., and Sweet, W. H Pain: Its Mechanisms and Neurosurgical Control, 
Springfield, Ill., Charles C Thomas, Publisher, to be published 

18. Woodhall, B.: Personal communication to the authors 

19. Echols, D. H., and Colclough, J. A.: Abolition of Painful Phantom Foot by Resection 
of the Sensory Cortex, J. A. M. A. 134:1476-1477 (Aug. 23) 1947 

20. Pool, J. L.: Posterior Cordotomy for Relief of Phantom Limb Pain, Ann. Surg. 124: 
386-391 (Aug.) 1946. 
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in a recent letter he states that he has lost his enthusiasm for this procedure. In 
the six cases reported by Browder and Gallagher, the relief of pain and abnormal 
postural sensations was encouraging in the lower extremity but “not so good” in 
the upper. Browder,?! however, remains an advocate of this procedure when the 
primary complaint consists of distorted sensations of the body image rather than 
severe pain. In three cases in which the latter was the predominant complaint, he 
has obtained satisfactory relief, although the phantom has persisted in a painless 
form. In our single section of Goll’s column in Case 7 there was no noticeable 
change in the symptoms 

Resection of the postcentral convolution (cortical Areas 1 to 3 of Brodmann) 
theoretically should remove the higher centers where sensation of body posture is 
integrated. It is questionable, however, whether a sufficient extent of sensory cortex 
can be resected. The dramatic case reported by Head and Holmes,** in which all 
awareness of a painful phantom was abolished after thrombosis of the middle cere- 
bral artery, led de Gutiérrez-Mahoney ** to try postcentral corticectomy. Results 
in his four cases, and in another (Echols and Colclough '), after brief obser- 
vation, were promising, but later inquiries have revealed that pain has frequently 
returned. In the cases reported by Lhermitte and Puech ** and by Horrax *° there 
was no benefit. This operation had been performed by other surgeons in Cases 12 
and 13 of our series, but with only transitory improvement and complicating 
epileptic seizures. We regard it as a useless and dangerous procedure. 

This leaves for further consideration only the operations on the frontal lobes. 
We have had no personal experience with topectomy, the limited resection of Areas 
9 and 10, advocated by Pool.** The relatively nonmutilating unilateral frontal 
leucotomy of Scarff ** has given us very satisfactory results in a series of patients 
with malignant disease whose death occurred within six months of operation. On 
the other hand, when survival exceeded this period, pain has usually returned. This 
procedure cannot, therefore, be recommended for the postamputation neuralgias. 
\fter secondary leucotomy of the other frontal lobe, or bilateral primary leucotomy, 
psychical deterioration has invariably been severe. While mental confusion, loss of 
initiative and affect, childishness, and socially intolerable behavior may often be of 


relatively brief duration, these handicaps sometimes persist for months. This is 


illustrated by the case reported by Kolb.'° Here, the suffering caused by a lower- 


limb phantom had been relieved, but at the expense of socially acceptable behavior 
ind with much mental retardation. One might well ask whether this sacrifice was 


justifiable without a preliminary trial of chordotomy. Although Kolb’s patient 


21. Browder Personal communication to the authors. 


2. Head, H., and Holmes, G.: Sensory Disturbances from Cerebral Lesions, Brain 34:102 
1911 


23. de Gutiérrez-Mahoney, C. G Treatment of Painful Phantom Limb by Removal of 


ost-Central Cortex, J. Neurosurg. 1:156-162 (March) 1944 

24. Lhermitte, J., and Puech, P L’algo-hallucinose des amputés: Traitement par le résec- 
tion du nevrome, linfiltration de la chaine sympathique, une double myéolotomie postérieure, 
la resection du lobule pariétal supérieur, Rev. neurol. 78:33-35 (Jan.-Feb.) 1946. 

25. Horrax, G.: Experiences with Cortical Excisions for the Relief of Intractable Pain in 
the Extremities, Surgery 20:593-602 (Nov.) 1946 

26. Pool, J. I lopectomy: A Surgical Procedure for the Treatment of Mental Illnesses, 
\. M. A. Arch. Neurol. & Psychiat. 65:105-106 (Jan.) 1951 


27. Scarff, J Uni al Prefrontal Lobotomy for the Relief of Intractable Pain: Report 


of 58 Cases with Special nsideration of Failures, J. Neurosurg. 7:330-336 (July) 1950 
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required frequent doses of pantapon® (a mixture of the hydrochlorides of the opium 
alkaloids) for control of his pain, he appears to have been no more dependent on 
narcotics than a number of our patients who responded extremely well to antero 
lateral chordotomy. 

In our two cases in which chordotomy had failed despite every effort, leucotomy 
was finally resorted to because unremitting pain and drug addiction had made life 
intolerable both to the patient and to his family. The following brief reports will 
suffice to illustrate the good and the bad sequelae of these Of erations : 

Case 7.—A man aged 51 continued to complain of painful contractions in his phantom thigh 


muscles after disarticulation of the hip for chrondrosarcoma of the right femur, with local 


recurrence in the acetabulum. He also said that it felt as though his foot were pressed against 
a hot plate. The painful phantom persisted after two successive sections of the left spinothalamic 
tract, with a level of complete analgesia to the seventh thoracic segment. Subsequent section of 
the fasciculus gracilis and the anterior column on the right side likewise failed. This operation 
resulted in a definite reduction of touch and figure perception on the right side of the abdomen 
and the right groin and buttock. Vibratory sense was likewise abolished to the lower costal 
margin. The level of analgesia remained at the seventh thoracic dermatome on the right, but 
the sensation of pinprick was also eliminated below the first sacral dermatome on the left. The 


latter, however, was soon recovered. Final relief was achieved by bilateral frontal leucotomy 
\fter this operation he was at first disoriented and confused, but his conduct 


was not objectionable. After his return home, his wife, an 


. although childish, 
intelligent school teacher, reported 
that he had no disturbing psychical changes as a result of the leucotomy 


He was able to enjoy 
her companionship and that of his friends. He never 


mentioned the operations or the suffering 
he had endured, and he did not ask for morphine until new pains developed with the appearance 
of pulmonary metastases. He then regarded his pain “as a little child would, being very noisy 
and audible in his suffering,” but forgetful about it during remissions. He showed no concern 
over the obvious manifestations of terminal malignant disease, of which he died in five months. 


For this unfortunate person, bilateral leucotomy was a happy solution of the 


tortures of his fatal disease, but the mental impairment and sacrifice of finer qualities 


in his personality would have constituted a formidable sacrifice for the ordinary 


patient with a painful phantom. This is illustrated to a more striking degree by the 
following case, in which addiction to alcohol, as well as morphine, and added psy- 
chotic traits forced us to resort to leucotomy, after three attempts to section the 
anterolateral columns had failed to secure analgesia. 


Case 10.—Amputation of both thighs, when the patient, a man aged 53, was run over by a 
train six years before, had resulted in bilateral painful phantom. He developed paranoid traits, 
as well as addiction to both alcohol and morphine, never left his house, and was subject to violent 
outbursts of temper. In spite of two unilateral and a bilateral transection of the anterolateral 
quadrants and a high level of analgesia on testing, islands of hypalgesia invariably appeared, 
and his painful phantoms returned. As he and his wife insisted on further surgery, a left frontal 


leucotomy was performed in March, 1950. This produced a transitory period of apathy, during 
which he did not require morphine, but within a month his pains were again as severe and 
demoralizing as ever \fter transection of the frontal white matter on the right side, just 
anterior to the tip of the ventricle, mental retardation was severe. He became incontinent of 
urine and feces and spent his time masturbating and staring blankly at the window or ceiling 
This asocial behavior, disorientation, and suspicion of people necessitated his commitment to a 
state hospital. Now after 10 months, a social worker reports that his personality is greatly 
improved and that it will be possible to discharge him as soon as he becomes tidier. 


In the final evaluation of these two cases, we and all concerned have agreed that 
leucotomy was justified, but only because every effort had first been made to free 
the patients of their pain by chordotomy. With evidence that a high proportion of 


painful phantoms can be relieved by the analgesia that follows a well-performed 
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transection of the anterolateral spinal quadrant, we submit that this relatively benign 
operation should always be the procedure of choice, at least with the phantom 
neuralgias of the lower extremity. In cases in which the arm is involved, especially 
after amputation at the shoulder level, permanent, sufficiently high analgesia is 
difficult to obtain. Until the technical difficulties with spinothalamic tractotomy 
at the upper cervical and medullary levels can be overcome, frontal leucotomy or 
topectomy may be regarded as justifiable primary procedures in the treatment of 
painful phantoms in the upper extremity. In order to avoid the psychical mutilation 
that often follows bilateral operation on the frontal lobes, we shall, nevertheless, 
persist in the endeavor to perfect the technique of interrupting the secondary pain- 
conducting axons from the brachial plexus, since we know that if permanent 
analgesia can be maintained it will be just as effective in the upper as in the lower 
extremity and will be obtained at but little greater risk. 


SUMMARY AND CONCLUSIONS 


In past reported experience, anterolateral chordotomy has so often failed to 
relieve painful phantoms alter amputation that many neurosurgeons recommend that 
it be replaced by frontal leucotomy. 


In our own experience with more radical transection of the anterolateral spinal 
quadrant and the establishment of a high sensory level by testing, with the use of 
local anesthesia, we have failed to obtain early satisfactory relief in only 3 of 14 
cases. lL.ong-standing successful results were obtained in 7 of 10 cases of inter 


vention for painful phantom of the lower extremity. The three failures were due 
to persistence of painful postural sensations, despite an adequate level of analgesia 
ise 7, a late drop in the level in Case 4, and inability to obtain full analgesia in 
10. Of four cases of painful phantoms in the upper extremity, in which it 1s 
exceedingly difficult to obtain permanent analgesia in the upper cervical dermatomes, 


there were ultimate failures in two cases because of late falls in the analgesic level 


at six months and three years, respectively, and in one case relief was not obtained, 


ipparent analgesia extending to the third cervical dermatome. Complica- 
Howing these chordotomies have not been frequent or serious 


view of the serious mental and psychical deterioration that so often accom- 


panies sacrifice of portions of the frontal lobes, we recommend that anterolateral 


rdotomy be selected as the primary operation for every painful phantom of the 


lower extremity, unless there is advanced narcotic addiction or serious psycho- 


neurotic overlay 


lor desperate cases of phantom arm, especially after amputation near the 
shoulder, vhicl 


in which technical difficulties complicate complete interruption of the 


secondary axons conducting pain, some form of operation on the frontal lobes may 


be justified as the preferable procedure. 
Results with other surgical procedures, such as excision of neuromas, reampu- 
tation, sympathectomy, posterior-column chordotomy, and postcentral resection of 


sensory cortex, are reviewed and found wanting. 
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WORD DEAFNESS AND WERNICKE’S APHASIA 


Report of Cases and Discussion of the Syndrome 


DEWEY K. ZIEGLER, M.D. 
BOSTON 


a YM THE contusing mass of clinical symptoms displayed by patients with 


disorders of the speech mechanism, neurologists have been fairly well agreed 


on isolating “sensory aphasia” as a_ well-defined syndrome \s described by 


Wernicke,' this aphasia, which is now known by his name, consists of loss of com- 
prehension of spoken language and loss of ability to write and read (silently), with 
power of articulate speech retained but distorted in that words and syllables are 
misplaced and mispronounced—paraphasia 

Lichtheim ? first described a different syndrome, in which the inability to 


understand spoken words was an isolated deficit—unaccompanied by distortion of 


spontaneous speech or by severe disturbance in writing or understanding the 
printed word.® Such a condition has been called “pure word deafness” ; Wernicke, 


who thought that the phenomenon was correlated with a defect in conduction 


through subcortical layers of the temporal lobe from Heschl’s gyrus to Area 42, 
stated that it was “exceedingly rare.” Since his time few cases have been reported. 
It is the purpose of the present communication to report such a case, in which the 
defect in interpreting auditory stimuli extended beyond language to all sounds 


complete auditory agnosia—and in which speech, reading, writing, and other 


Some of the interesting psycho- 
logical manifestations in this case will be discussed 


cerebral functions were comparatively spared. 
For comparison and contrast, 
a case of a more classic form of Wernicke’s aphasia will be reported and discussed, 
with special reference to dysfunction of the temporal lobe. 


REPORT OF CASES 


Case 1—C. N., a single, right-handed man aged 45, an electrical and mechanical engineer, 
entered the Neurological Institute of the Presbyterian Hospital, New York, on Feb. 27, 


with the history that four days prior to admission he had suddenly experienced “numbness” 


1950, 


in both hands, but more pronounced in the right. Upon trying to unlock his door, he had 
“could not feel” properly with his right hand. 
After entering the house and turning on the radio, he 


considerable difficulty with his key because he 


discovered that he could hear nothing. 


He could hear neither the sound of his own steps nor the sound of rapping on wood when he 


tested himself. He could, however, speak and read “if the sentences were simple.” He imme- 


From the Department of Neurology, Columbia University College of Physicians and 
Surgeons, and the Neurological Institute of New York 

1. Wernicke, C.: The Symptom Complex of Aphasia, in Modern Clinical Medicine 
by A. Church, New York, D. Appleton & Co., 1908, pp. 265-324 

2. Lichtheim, L.: On Aphasia, Brain 7:433-484, 1885 

3. Stengel, E., and Hemphill, R. E.: A Study on Pure Word-Deafness, J. Neurol. 
Psychiat. 3:251-262, 1940. 
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diately called friends, who noted that he seemed “confused and dazed” and that his speech was 
garbled. During the next few days he stated that some hearing returned but that all sounds 
seemed “confused” to him and that music was a meaningless jumble of sound. His speech 
rapidly improved, and he was referred to the hospital about 10 days after the onset of his 
illness 
Vedical History-Four years prior to admission the patient had had an episode during 
vhich he found himself suddenly unable to read. It was not well remembered whether, in this 
first attack, he had had difficulty with both articulate speech and comprehension of the printed 
vord. He recovered quickly and completely within two days. There was no other significant 
history of past illness 
yoctal Histor he patient was born in Germany, the third of four children. No serious 
childhood illnesses were recalled. He attended primary and secondary school and then a 
mechanical-engineering school in Germany, obtaining a scientific degree in that field at the 
ige of 23. He studied English while in school but could not speak it fluently or without an 
accent. In 1927 the patient came to the United States and worked with various firms, from 
which he received letters of recommendation; he eventually participated in the formation of a 
steel-manufacturing concern, which failed in 1946. Since that time he had had financial diff- 
culties upon repeated attempts to reorganize his business, but he continued work as a designing 
engineer 
No history of gross psychosocial disturbance in his family environment was elicited. He 
vas a bachelor and had numerous friends, who considered him somewhat shy. He had had 
sporadic heterosexual relationships. He was fluent in English before his illness, used to read, 
and was fond of music, although he played no instrument. There was no history of alcoholism, 
drug intake, or overt mental illness 
Physical patient was a well-developed, alert man, weighing 160 Ib. 
(72.6 kg.). The pulse rate was 78, and the blood pressure, 120/80. Physical examination of 


the heart, chest, and abdomen showed no abnormality. Neurological examination revealed 


o abnormalities of strength, coordination, reflexes, or sensation in any modality. (Instructions 
were communicated to the patient by writing and gesture, and he cooperated quickly and 
easily.) Cranial-nerve function was normal 

Laboratory Examination.—The hemoglobin content was 15 gm. per 100 cc., and the white 
blood cell count, 9,300, with a normal differential count. The urine was normal, and the Mazzini 
test gave a negative reaction. The spinal fluid was under an initial pressure of 180 mm. of 
water, with | lymphocyte per cubic millimeter, 42 mg. of protein per 100 cc., a negative Wasser- 
mann reaction, and a normal colloidal gold curve. X-ray studies of the skull and chest showed 
nothing abnormal. Repeated audiometric examinations finally overcame the patient's difficulty 


with comprehension and revealed a mild hearing loss, extending through all frequencies, with 


a maximum ot 40 db. on the right and 25 db. on the left. It was repeatedly noted in the hospital 


that the patient’s auditory acuity was good; in the ward he noted sounds of low intensity. 


Responses to caloric tests were normal. On one occasion the electroencephalogram showed a 


er, slight generalized slowing. A pneumoencephalogram, obtained one 


normal record: on anot 
year after the patient’s admission, showed normal ventricles and slight increase in the amount 
ot subarachnoid air 

lests for Aphasta~—Spontaneous Speech: The patient generally spoke freely and quickly 
and usually in simple, but complete, sentences. He made frequent mistakes with tenses and 
occasionally used a word which was meaningless, but which resembled a word he wished to 
use. For example, when correcting a paragraph he had written, he said, “The whole damn 
thing must be build over When describing a sound heard, he said, “It was something like a 
‘gribing.’ ” 

Reading: He could read aloud slowly, occasionally reading a word erroneously, for example, 
“look” for “lock” and “mine” for “mind.” He could paraphrase a paragraph read aloud or 
silently fairly well, forgetting several details. He followed fairly complicated commands read 
from cards (e. g., “Put your right hand on your left ear”) but read slowly. He failed to 
comply correctly with the command, “Cross out every second ‘e’ in the sample sentence,” and 


instead crossed out every “e.” Upon correcting his own written productions, he often recog- 
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nized errors but would have great difficulty in deciding the correct word from two or three 
similar-sounding ones, for example, “mend” and “meant.” It was, however, easily possible to 
converse with the patient by means of writing, although he would take several seconds to read 
the written question, one pl 


rase or word at a time 


Naming: The patient named all varieties of objects correctly from sight and from their 
pictures. He was never at a loss for the correct noun 


Calculation: The patient was very quick on fairly long arithmetical problems from printed 
cards but stated he had lost the higher mathematical ability that he 


had been accustomed to 
use in his work with problems in long division, multiplication, and square root, 


id with ease, using pencil and paper. He 


whet tested 
he did them quickly a I 


Was reading engineering books 
after a few months 


Writing Phe patient wrote quickly with a clear, legible hand, the letters being formed 
resembling printing. His sentences were 
tuated, and lacking in capitals; the 


degree. As has been mentioned 


separately, somewhat rambling, long, often unpunc- 
d past tenses were usually mixed to a chaotic 
words that sounded alike were frequently misspelled 
of his account of his illness follow 


resent an 


Examples 
“T called up a friend of my for the first time I 
not understand the world.” 


heard the bell and some talking but I could 


“My right hand teeled like ice and I had no power to held even a keyes or cigarett in my 
hands.” 


Comprehension of Auditory Stimuli: It was in this sphere that the patient showed the most 
persistent and striking deficit. He behaved like a deaf person and only occasionally, even 18 
months after the onset of hi could understand a few spoken words. 


Is 1liness, 


(a) Comprehension of sounds: The patient was seated beside a table 
a bell, matches, a watch, and 
writing) that he would be blindfolded 


on which were placed 
coins. He was instructed (by 


produced trom one of the 
v unblindfolded and was t 


paper, ice in a glass of water, 


a sound would be objects on 
the table, and he then would | o identify the object | 


rroducing the 
sound. 


ple of his performance on this test follows 


Sound Patient's Identification 

Watch ticking far, far away 
watch or rec 
ree of 

Paper rattling runder wateh again” 

Bell ringing 

Ice ittling in glass of water same sound Picks up bell 

Water p rom piteher into glass nething like a ‘gribing 

Money nts to money Money 


[his test was frequently repeated, with similar results, the patient usually naming less than 
half the objects correctly. 


During interviews, various common street sounds 


came clearly through the 
The patient cle arly listened to these He 


open window 
of hammering correctly but 


and a siren as “someone 


identified the sound 
identified the sounds of a car starting, car horns, 


talking” and “the 
wind in the leaves 


(b>) Music The patient had lost all ability to identify 


1 or whistled melodies, which 
1, for example, “Silent Night,” “Blue Danube 
tated he “could not understand” tl 
hum to himself as he used to do. He 
year and never regained 


he had previously known or “Two Hearts 
in Three-Quarter Time.” He e music he heard on the radio 
was tested repeatedly in the ensuing 
recognition of simple tunes, even when the correct name was presented 


Nor could he sing or 


as one of a multiple choice. He could tell which of a series of three notes was the highest and 
the lowest but could not reproduce the 


tones. He had noted himself that he had difficulty in 
distinguishing notes less than an octave apart. When rhythms were tapped out, he could 
reproduce the part of the rhythm due to spacing of the taps, but not that part due to differences 
in intensity of tones; 


a corollary of this deficit was his loss of ability 


to dance because he 
not perceive the rhythm. 


could 
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(c) Words: The patient showed no comprehension of letters, words, or phrases (German 
or English) and could not distinguish sounds 
and to tell them his condition when he met them, as he learned this 


pertaining to language from gibberish. He 


learned to greet people 


1 


y the first question asked 


a 
(d) Repetition: Despite careful attention, the patient could not consistently repeat words, 
letters, or syllables spoken by the examiner. Examples, expressed in phonetic symbols, follow. 


Examiner Patient 


al 
390 
90 a:% 


Sounds like e; 


ld do much better when permitted to lipread. He scarcely ever correctly 
sound, often approximating one syllable; for example, 


repeated a word of two syllables from the 

ctor gave as dot. 

/ metr kxaminatior Six months after his admission testing revealed excellent 
memory, both recent and remote, intact orientation, and superior knowledge and judgment 
There was no deficit in performance tests or in abstraction. The one test on which the patient 

which he was to point out 


lespite careful explanation, was the “absurdity test,” in w 


the absurdities in certain statements 
Course.—Vor four days after the onset of the illness the patient stated that he was “com- 
pletely deaf,” and he then began to hear sounds “in a confused way.” During the 18 months 
to understand spoken words, 


that the patient was followed, he regained scarcely any ability to 
though he occasionally would catch a single word or phrase. He learned to lipread gradually. 
Beginning four months after admission, the patient began to have formed auditory halluci 
itions of voices, sometimes in English, sometimes in German. Occasionally he heard phrases 
arl, we're going this way,” or “It will be all right.” Usually, however, 
} 


1 sometimes when someone 
accusatory or in the voice of 
halluci 


or sentences, such as “¢ 

e heard disconnected single words, anc was speaking English, he 
uld hear German words briefly. His hallucinations were never 
lways recognized them as being his own productions. The 


anyone he knew; the patient alwz 
nation would frequently seem to come from the right side. He never had tinnitus or “unformed 
hallucinations disappeared 


hallucinations.” During the latter months of his hospitalization the 
almost entirely 
Throughout the course of the patient’s illness he complained of intermittent paresthesias of 
found comatose and cyanotic with involuntary move- 
he might have had a seizure prior to being seen. 


the right hand. On one occasion he was 


ments of the left hand. It was considered that 
the “functional” element in his illness. He 
bizarre and inappropriate 


he showed 


I} was considerable discussion concerning 
showed considerable emotional lability and what was 
silly jokes during testing. At other times 


staff because nothing seemed to help 


considered 
behavior—laughing and making rather 
his lack of progress or hostility to the 

Because of the question of an emotional disturbance, two amobarbital- 
showed no gross 


= 


him regain his hearing 
interviews were attempted. The patient became slightly sillier, but 
in behavior and regained no ability to understand speech. Electric shock therapy was 
begun; but after the third treatment the patient became confused, disoriented, and inattentive, 
ind it was discontinued 

le patient displayed a strong drive to regain normal function and a position in society. 
andbooks (with some difficulty, but from which he drew diagrams) and 


| 
At the time of this report, he had regained 


He read engineering | 


psychiatric books, looking for possible therapy. 


here he made almost no errors; 


his writing ability to the point where h he still read slowly. 
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Comment.—It should first be said that this patient did not have completely 
isolated “pure word deafness,” as defined. Weisenburg and McBride * pointed out 
that it is doubtful whether any case of truly isolated word deafness has ever been 
described. In this patient’s writing there were occasional errors; his reading was 
slow and inaccurate at the onset of his illness. These difficulties, however, were 
slight as compared with his total loss of ability to interpret auditory stimuli; fur- 
thermore, during the period of observation, writing and speech improved almost 
to normal, reading remained slightly slow, but “word hearing” showed almost no 
improvement. 

It has fairly generally been accepted that the pathological processes correlated 
with “auditory agnosia” are found in the first and second convolutions of the domi- 
nant temporal lobe, and occasionally bilaterally... The course of this patient’s 
illness suggests that at the onset he suffered a cerebrovascular accident affecting 
a large section of the parietotemporal area of the leit cerebral hemisphere (as evi- 
denced by numbness of the right hand and difficulty in reading, associated with 
difficulty in hearing), and that function returned to a large part of this area, with 
major deficit remaining in the function of the posterior temporal lobe. 

It is apparently rare that the failure to identify and interpret acoustic stimuli 
becomes as generalized as in this patient. The profound loss of appreciation of 
rhythm and of simple tonal differences has, however, long been known as a mani 
festation of temporal-lobe damage.** This patient’s description of what he did hear 
is given almost in the same words as those used by patients in other reported cases, 
namely, “a wind in the trees, a murmuring, a foreign language.” ° 

This patient’s persistent statement that the onset of his disability was marked 
by total deafness is puzzling. True deafness in man on the basis of cerebral disease 
is extremely rare, but there are well-documented cases.*. The pathological lesions 
have been bilateral—in auditory radiations, geniculate body, or temporal lobe. It is 
possible that this patient had bilateral temporal-lobe lesions and that the failure of 
his auditory perception to show any improvement is due to his having no normal 
minor area in the temporal lobe to retrain and “take over” function, as postulated 
by Nielsen.* 

The formed auditory hallucinations in this patient also point to the temporal 
lobe as the site of the lesion. Such formed hallucinations are a recognized, though 
4. Weisenburg, T., and McBride, K. E.: Aphasia: A Clinical and Psychological Study, 
New York, Commonwealth Fund, 1935. 

5. (a) Stengel and Hemphill.4 (>) Starr, M. A.: Organic and Functional Nervous Dis 
ease, New York, Lea Bros. & Co., 1907, p. 446. (c) Goldstein, K.: Language and Language 
Disturbances: Aphasic Symptom Complexes and Their Significance for Medicine and Theory 
of Language, New York, Grune & Stratton, Inc., 1948. (d) Henschen, S. E.: Klinische und 
anatomische Beitrage zur Pathologie des Gehirns, Stockholm, Nordiska Bokhandeln, 1920-1922, 
Vols. 5, 6, and 7; cited by Nielsen, J. M Agnosia, Apraxia, Aphasia, New York, Paul B. 
Hoeber, Inc., 1947. 


6. Reinhold, M.: A Case of Auditory Agnosia, Brain 73:203-223, 1950. Morel, F.: 
L’audition dans l’aphasie sensorielle, Encéphale 30:533-553, 1935. 
7. Thiébaut, E. L. J., and Wolinetz, E Verbal Deafness with Bilateral Hypoacusia 


Studied by Audiometer, Rev. neurol. 76:93-94, 1944. Lemoyne, J La surdité corticale, Ann. 
oto-laryng. pp. 133-140, Oct.-Dec., 1944. Chavany, J. A.: Un cas de surdité d'origine corticale, 
Presse méd. 53:472, 1945. 

8. Nielsen, J. M Agnosia, Apraxia, Aphasia Their Value in Cerebral Localization, 
Paul B. Hoeber, Inc., 1947. 
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unconunon, part of the symptomatology of temporal-lobe tumors and are rare with 
tumors elsewhere in the brain.’ They occur also as aurae or components of seizures 
originating from foci in the temporal lobe, from which Penfield has reproduced 
them by electrical stimulation.'® When, however, there are few other neurological 
signs and no known seizures (this patient may have had one), the hallucinations 
may be difficult to distinguish from the manifestations of a “‘functional” psychosis, 
as it was in this patient. One can speculate that this patient’s hallucinations were 
correlated with abnormal electrical discharges from a focus of diseased tissue in 
the region of Area 42 

Further comment on the psychiatric status of this patient will be made in 
conjunction with that of the second patient to be reported on. This patient had 
complete Wernicke’s aphasia, with paraphasia, alexia, and agraphia. 

Case 2.—B. I. a man aged 50, right-handed, a dentist, entered the Neurological Institute 
of the Presbyterian Hospital, New York, on May 1, 1950, with a history of having suddenly, 
one month prior to admission, awakened in the morning devoid of the ability to speak or to 
understand spoken or written words. He could not at that time repeat words spoken to him, 
and his speech seemed to be limited to the recital of a few perseverated sentences, such as “I 
wish I had the strength.” There was no associated or prior phenomenon of muscular weakness, 
sensory disturbance, headache, nausea, or coma. In the months following the onset the patient 
had complained that his right arm had felt “numb.” During the month prior to admission the 
patient had been agitated concerning his disability but had not recovered the ability to speak 
coherently. His family felt that they could communicate with him “on a simple level.” 

Vedtcal History —He had been in good health except for an episode nine years prior to 
admission, when he was hospitalized for two months for “heart pain.” Records of this hospitali- 
zation were not available, but there was no history of signs or symptoms indicative of heart 
failure. The patient did on occasion indicate that since that time he had had periodic discomfort 
in the chest 

Social History.—The patient graduated from a dental school in New York and had practiced 
dentistry for over 20 years. He lived with an aged mother and two unmarried sisters, his wife 
having died 14 years previously. The patient was a Christian Scientist, was interested in church 
affairs, and had been very musical prior to his illness, having set lyrics to music. He had also 
written fiction in his leisure hours 

Physical Examination—The patient was a frail, poorly developed man. The pulse rate was 
100 and the blood pressure 150/95. Examination of the heart, chest, and abdomen revealed 
nothing abnormal. There were no abnormal findings on neurological examination except for 
the aphasia, described below, and very slight exaggeration of deep reflexes on the right over 
those on the left. There were no pathological reflexes. 

Laboratory Data—The hemoglobin content was 12.8 gm. per 100 cc.; the white blood cell 
count was 6,600, and the differential count was normal. The urine was normal, and the Mazzini 
reaction of the blood was negative. The spinal fluid was under an initial pressure of 165 mm. of 
water, with 1,100 red blood cells (slightly traumatic puncture) and 10 white cells per cubic 
millimeter. The protein measured 48 mg., and the sugar 68 mg., per 100 cc. Blood cultures 
were sterile, and the Wassermann reaction was negative. X-ray studies of the skull revealed 
nothing abnormal. An electrocardiogram revealed a left bundle-branch block, suggesting myo- 
cardial fibrosis, and a second (later) record showed no change. 

Examination for Aphasia—Spontaneous Speech and Behavior: The patient was agitated, 


restless, and in constant motion, making quick, repetitive gestures with his hands, such as 


9. Tarachow, S Clinical Value of Hallucinations in Localizing Brain Tumors, Am. J. 
Psychiat. 97: 1434-1442, 1941. Paillas, J. E., and Tamalet, J.: Les tumeurs temporales: Con- 
sidérations anatomo-cliniques a propos de 72 tumeurs verifiées, Presse méd. 31:550-554, 1950. 

10. Penfield, W., and Rasmussen, T.: The Cerebral Cortex of Man, A Clinical Study of 
Localization of Function, New York, The Macmillan Company, 1950. 
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fanning himself or fingering his clothes. He was attentive to the examiner and the tests; but 
when he had difficulty with a task, he tended to become even more agitated and abandon the 
effort. When asked a question, he spoke in reply almost continuously and had to be interrupted. 
His language consisted of disjointed, but well articulated, phrases and short sentences somewhat 
related to the question. When asked how he felt, for example, he would say, “Well, yes, that 
is, fairly well, oh, very hot in here ‘ yes, could be thank you so much.” 
He never hesitated while appearing to search for a word and never seemed aware of impaired 
speech. Speech was copiously supplemented by exaggerated gestures to illustrate his meaning. 
He did not use incomprehensible words or jargon 

Repetition: Repetition of short single words was good, but that of even short phrases was 
markedly impaired, the patient usually repeating the first two words correctly, but never more 

Recognition of Written Words: From a list of words shown him, the patient could pick 
out the correct names for objects presented, and he could pronounce the words. Reading sen 
tences aloud, however, confused him, and he soon stumbled to a halt. He could not do simple 
commands from printed cards 

Recognition of Spoken Words: He showed almost complete inability to point to an object 
when its name was spoken, nor could he select the proper name of a certain object from a series 
of spoken words. He could, however, always, select the correct printed word and pronounce it. 
He could not perform commands by spoken request 

Naming: The patient could name scarcely anything and always indicated by gesture or in 


broken phrases the use of the object 

W riting The patient wrote his name and address well, wrote a few words correctly from 
dictation (“penny,” “key”) but failed on most, producing, for example, “bo—bolee” for “button,” 
and “pencob” for “pencil.” He could not write spontaneously. 

Calculation: This function was grossly impaired. He could do very simple problems but 
often confused the addition and multiplication symbols 

Abstraction Tests Here, also, his pertormance was grossly defective He could not repro 
duce simple angles or patterns made with match sticks (Goldstein stick test),°¢ nor could he 
copy the simplest patterns made with Goldstein-Scheerer blocks. When given parts of familiar 


figures to copy, he would, instead, draw the complete figure, for example 


Sample Given Patient’s Drawing 


A 


O 
4 
S 8 


Course.—While in the hospital, the patient was continually hyperactive and agitated. One 
night after a thunderstorm he was found sitting on the edge of his bed, pale, confused and 
terror-stricken, saying incoherently, “Lightning, all of a sudden, bang, went through me,” 
meanwhile illustrating his words by striking his forehead. On another occasion he became very 
agitated and made an unprovoked and purposeless assault on a male nurse who was carrying 
food trays into the ward. 

The patient improved little while in the hospital and was seen again after having been at 
home one year. His sister stated that he had been able to carry on some dental practice, that 


she could make herself understood to him, and that he read the New York Times with interest 
and profit 

Examination at this time revealed the following status 

Spontaneous Speech: This was improved, consisting of hurried, somewhat disjointed, simple 
phrases and sentences, accompanied by no dysarthria but by much gesture 


Comprehension of Spoken Words: The patient could follow simple spoken commands well 
but became confused when more than one simple act was involved. His repetition was slightly 
better than on initial examination, but he still could remember only the first few words. He 
would attempt to cover up his failure by hurried, rambling speech on the subject suggested 
by the sample sentence 

Comprehension of Written Words: He read aloud almost perfectly. When asked to give the 
meaning of a short paragraph read silently, he merely spoke on the general topic suggested by 
a few key words of the paragraph but gave no coherent paraphrase. He made several mistakes 
in following written instructions concerning drawing lines in simple figures. 

Various Tests: Naming was still grossly defective, but he selected the correct name from 
several spoken. Calculation was much improved, the patient being able to do problems in long 
division and multiplication with ease, although he occasionally mistook a + for an 

Writing: He copied perfectly, and when ask to write about his condition, he wrote, “I feel 
so much better now and hope to improve. I'm trying so hard to get better. I’m doing myself.” 
From dictation he wrote correctly only the first few words. 

Abstraction Tests: He performed the Goldstein stick test quickly and with ease; he was 
slow on a few block designs but accomplished most designs quickly. He accurately crossed out 


every “ce” from a given sentence but missed several when asked to cross out every second “i.” 


Comment.—The onset of illness was abrupt in the second case, as in the first, 
and the deficit was maximal at the beginning, a characteristic of a vascular lesion. 
lhe severe sensory aphasia, combined with paraphasia and absence of other neuro- 
logical signs, suggests that the lesion in the second case was also preponderantly 
in the dominant temporal lobe, but the more generalized deficit, including alexia, 
acalculia, and loss of abstract ability, suggests also that a fairly large temporo- 
parietal area was involved. 

The differences in symptoms in the two patients are clear, the second showing 
a complete syndrome of auditory agnosia, disordered but abundant speech (para- 
phasia ), alexia, and partial agraphia. \fter a year’s convalescence, the first patient’s 
condition was almost intact except for the “word deafness,” which remained unim- 
proved. The second patient, however, though having a much more generalized 
deficit, never had the complete auditory agnosia of the first patient, and recovered 
much auditory function during the year. 

Phe behavioral disorders displayed by these patients deserve comment. The 
difficulty in differentiating auditory agnosia and a psychiatric, or purely functional, 
disorder is great. This difficulty is shown by the history of the first patient and by 
that of Reinhold’s ® patient, who was in a mental hospital nine months before the 
correct diagnosis was made. Such patients act like the deaf, but it soon becomes 
obvious that they hear slight sounds, the immediate conclusion being that their 
disability is psychogenic. The same fate frequently befalls children who are afflicted 
with a congenital form of this disorder.'' When the cerebral defect is greater, as 
in the second patient, the neurological condition is more obvious, but even this 
patient impressed the admitting intern, who saw him briefly in the emergency ward, 
as hysterical 

\lthough these cases of aphasia are frequently mistaken for cases of functional 
psychosis, the ditferentiation is not entirely an either-or matter. 


11. Worster-Draught, ¢ Congenital Auditory Imperception (Congenital Word Deafness) 


and Its Relation to Idioglossia and Allied Speech Defects, M. Press 210:411-417, 1943. 
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The frequent association of actual psychosis and receptive aphasia has long 
been known and commented upon,'? and patients who are not actually psychotic 
usually show profound mood and behavior disturbances. Nielsen * described these 
patients as euphoric and voluble and comparatively unable to cease talking. Both 
the patients in the present report showed abnormal behavior; the first was often 
silly and showed extreme emotional lability, and the presence of hallucinations has 
been commented upon. The second patient did not display euphoria but showed 
extreme anxiety and hyperactivity; at one time he was frankly psychotic in 
behavior, and probably hallucinated. 

It has usually been assumed that these mental abnormalities in the aphasic 
patient are nonspecific psychological sequelae to the emotional trauma suffered by 
a person suddenly and severely deprived of his ability to communicate—a catas- 
trophic reaction, to use Goldstein’s phrase.*°© There is some indication, however, 
that behavioral disturbance is a definite and specific manifestation of disease of 
the temporal lobes (as well as of the frontal lobes). Kluver and Bucy found striking 
behavioral change in monkeys after temporal lobectomy.'* The original speculation 
by Papez that the hippocampal region of the temporal lobe was a key area in the 
regulation of emotional behavior has since been substantiated by a mass of data in 
experimental animals, notably that of Bard and Mountcastle, cited by MacLean.™ 
Psychiatric disturbances of many kinds are common in temporal-lobe tumors.’* 
3ehavioral disorders are a common accompaniment of psychomotor epilepsy with 
temporal-lobe foci,’® and peculiar states of consciousness have been produced in 
epileptic patients by stimulation of the temporal lobes.'® It is suggested that the 
psychosis and severe behavioral and emotional disturbance in the cases reported 
here, and in other cases of sensory aphasia, may be a manifestation of specific 
dysfunction of the temporal lobes. 


SUM MARY 

1. A case of complete auditory agnosia (“pure word deafness”) and one of 
Wernicke’s aphasia are reported. The difference between the two syndromes is 
discussed. 

2. Total deafness and auditory hallucinations occurred at different times in the 
course of the illness of the patient with auditory agnosia. Their significance is 
commented on. 

3. Severe behavioral disturbance occurred in both patients. The difficulty of its 
differentiation from purely psychogenic disease is indicated, and its relation to 


temporal-lobe dysfunction is suggested. 
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Hk. BIOCHEMICAL defects in neurological and psychotic disorders are 
poorly understood. A recent review ' indicates that investigators do not agree 


on the changes in the lipid constituents of blood plasma associated with epilepsy 


and the psychoses. Information concerning the effect of nervous diseases on plasma 


proteins is limited. The data presented in this paper are concerned with analyses 
of plasma lipids and proteins in patients with a variety of disorders of the nervous 
system 

METHODS AND MATERIAL 


l'wenty-six male medical students and staff members served as controls. The patients were 
divided into three groups: (a) neurological patients with and without complications; (b) 
psychotic patients with and without complications, and (c) subjects with a variety of medical 
and surgical disorders. The neurological diseases with complications included infections and 
inflammatory reactions (12 patients), neoplasms of the brain (2 patients), circulatory dis- 
turbances (11 patients), degenerative or demyelinating diseases (7 patients), metabolic or 


nutritional disturbances (4 patients), intoxications (2 patients), and trauma (1 patient). The 
neurological disorders without complications included infections and inflammatory reactions 
(18 patients), congenital defects (4 patients), neoplasms of the brain and spinal cord (8 
patients), circulatory disturbances (1 patient), and degenerative or demyelinating diseases 
and conditions of unknown origin (22 patients). The psychoses with and without complications 
included schizophrenia (20 patients), manic-depressive psychosis (16 patients), involutional 
melancholia (5 patients), senile psychosis (3 patients), and post-traumatic psychosis (1 patient) 

Blood was drawn into a heparin-moistened syringe before breakfast. The sample was 
immediately centrifuged and the plasma removed. Approximately 4 to 5 ml. of plasma was 
needed for electrophoretic and chemical analyses. 

Plasma was diluted 1:3 with barbital buffer (pH 8.6; ionic strength, 0.1) and dialyzed in 
the cold room for 18 hours against three changes of this buffer. Electrophoretic analysis was 
carried out in the Tiselius apparatus at 2 C., the patterns being recorded by the scanning 


method of Longsworth Electrophoresis was done in a microcell of 2-ml. capacity for 90 

Chis investigation was supported by Research Contract V1001M-1074, Veterans Admin- 
istration 

From the Biochemical Laboratory and the Department of Neurology and Psychiatry, 
University of Virginia Department of Medicine. 
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minutes with a current of 8 ma. The areas of the components of the ascending patterns were 
measured 

The total lipids of the plasma and the ultracentrifuge fractions were extracted with hot 
acetone-absolute ethyl alcohol (1:1). Aliquots were analyzed for total and free cholesterol 
according to the procedures of Sperry and Brand. The acetone-ethyl alcohol extract was 
evaporated to dryness, immediately extracted with petroleum benzin U. S. P., filtered, and 
brought to volume. Aliquots were analyzed for phospholipid * and sphingomyelin.® 


RESULTS 


The cholesterol and phospholipid concentrations of the plasma for the three 


groups of subjects are graphed in Chart 1. No group differences are noted for these 
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Chart 1.—Scatter diagrams of phospholipid and total cholesterol concentrations and the 


percentage of free cholesterol in the plasma. In this and in subsequent figures, the letters C, NV, 


and P refer to controls and to neurological and psychotic patients 


lipid constituents by chi-square analysis. The elevated values for cholesterol and 
phospholipid in the plasmas observed in a number of cases do not appear to be 
typical for any specific disorder. The mean values for the percentage of free cho- 
lesterol in the three groups show no significant difference. 

Sphingomyelin values of the plasma for the control, neurological, and psychotic 
patients are graphed in Chart 2. Statistical analy sis of the data for the neurological 

3. Sperry, W. M., and Brand, F. C.: Colorimetric Determination of Cholesterol, J. Biol. 
Chem. 150:315-324, 1943. 

4. Allen, R. J. 1 Estimation of Phosphorus, Biochem. J]. 34:858-865, 1940. 

5. Schmidt, G.; Bennotti, J.: Hershman, B., and Thannhauser, S. J.: A Micromethod for 
Quantitative Partition of Phospholipide Mixtures into Monoaminophosphatides and Sphingo- 


myelin, J. Biol. Chem. 166:505-511, 1946. 
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Chart 2—Scatter diagrams of plasma-sphingomyelin concentrations. 
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Chart 3.—Seatter diagrams of plasma-albumin concentrations determined by electrophoresis. 
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patients vields a chi-square value which shows a significant difference from that 
for the control group. The data available are insufficient to allow statistical evalua- 
tion for the psychotic group. 

lectrophoretic patterns of plasma were analyzed for their albumin (Chart 3) 
and y-globulin areas. During the course of these studies, it was found that minimal 
amounts of heparin, sufficient to prevent coagulation, had no influence on the 
electrophoretic pattern but that slight excesses of heparin influenced the distribu- 
tion of the a-and -globulins. Since it was difficult to control the amounts of heparin 
used in collecting blood samples, the data for the a-and £-globulins were omitted. 
The y-globulin concentrations remain fairly constant in all cases studied. The total 
nitrogen of the plasmas of the three groups of patients shows no significant differ- 
ence from the controls as analyzed by the chi-square method 

\nalyses of plasmas of patients with medical or surgical disorders yielded 
results which were essentially the same as those reported for the neurological and 
psychotic groups. 

A correlation of albumin concentration and age (19 to 70 years) in the psychotic 
patients who were free of organic disease yielded a coefficient of 0.04, indicating 
that the decreased albumin concentration is not influenced by the age of the patient. 


COM MENT 


Thannhauser ° found that the sphingomyelin concentration of plasma remained 
fairly constant in a wide variety of diseases. In the present study, the plasma- 
sphingomyelin concentration is the only lipid constituent which is significantly 
increased in neurological disease 

lhe decreases in plasma-albumin concentration in both the neurologic and the 
psychotic group are similar to those observed in patients with acute or chronic 
diseases. The decreases noted would not appear to be due to the nutritional state, 
since Keys and associates* have shown that subjects on a semistarvation diet 
maintain a normal albumin concentration. The impairment in the production of 
plasma albumin, particularly in patients with psychoses uncomplicated by other 
disorders, undoubtedly reflects a metabolic or an endocrine disorder. 


SUMMARY 


The lipids and proteins of the plasma of patients with neurological and psychotic 
disorders have been determined. The phospholipid and cholesterol concentrations 
were not affected in these patients. There was evidence to suggest that the 
sphingomyelin concentration is elevated in patients with neurological diseases. 
The decrease noted in plasma-albumin concentration may represent a metabolic 
or an endocrine disturbance. 
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yet IOUSLY it was reported’ that section of the corpus callosum either 
before or after the application of alumina cream (suspension of aluminum 
hydroxide in water) to the precentral motor cortex of monkeys restricted subse- 
quent epileptic seizures to the contralateral side. The attacks in animals with 
section before treatment with alumina cream were severer and more easily elicited 


than those usually observed in epileptic monkeys without section of the corpus 


callosum. Section performed in a group in which recurrent seizures had previ 


ously been established was rapidly followed by contralateral status epilepticus. 
These observations suggested not only that the corpus callosum played a major 
role in the spread of convulsive discharges from one cerebral hemisphere to the 
other, but that also its section might have intensified the resulting contralateral 
attacks through severance of “inhibitory” fibers from the opposite hemisphere. 

It has been shown that subtotal ablation of the precentral motor cortex prior to 
the application of alumina cream to the same area did not inhibit the development 
of epileptic seizures. Furthermore, in monkeys in which seizures had been estab- 
lished before removal of the “focal cortical zone’’ a recurrence of characteristic 
attacks followed a long symptom-free interval. 

Che present study is concerned with (a) the effect of subtotal ablation of a 
contralateral precentral motor cortex with the simultaneous application of 
alumina cream to the intact precentral motor cortex and (b) the application 
of alumina cream to the intact precentral motor cortex after subtotal ablation and 


alumina-cream treatment of the contralateral precentral motor cortex. 


From the Department of Bacteriology, New York State Psychiatric Institute, and the 
Neurological Division of St. Vincent's Hospital 
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TECH NIQUE 


Disks containing test material were applied to Macaca mulatta, weighing approximately 
7 Ib. (3.2 kg.), as previously described.* Ablation of cortical tissue was performed by subpial 
suction through a craniotomy opening, with the animal under general anesthesia (pentobarbital 
sodium). Electroencephalograms were taken at appropriate intervals without the use of an 
anesthetic. The standard method of eliciting induced seizures was by vigorous prodding with a 


stick. The seizures designated as “spontaneous” were those which were noted upon entrance 


Fig. 1—Ablation of contralateral precentral motor cortex with 


simultaneous application 
of an alumina-cream disk. The 


site of ablation is indicated by a heavy solid outline, and the 
position of the alumina-cream disk, by a dotted area, 4, Monkey 585; B, Monkey 586; Cc, 
Monkey 591. 


of the observer into the room or upon approaching the cage. At the termination of the experi- 


ment, a map of each brain was made indicating the site of application of the disk and the extent 
of ablation (Figs. 1 to 3). 


3. Kopeloff, N.; Kopeloff, L. M., and Pacella, B. L.: 
Epilepsy in Animals, in Hoch, P. H., and Knight, R. P., Editors: Epilepsy: Psychiatric 
Aspects of Convulsive Disorders, New York, Grune & Stratton, Inc., 1947, p. 163. 
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big. 2.-Area of application of alumina-cream disk (dotted) to one precentral motor cortex 
in eight controls 1, Monkey 584: B, Monkey 587: C, Monkey 530; D, Monkey $32: E, 
Monkey 578 . Monkey 583; G, Monkey 485; /7, Monkey 498. 
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Fig. 3—Application of alumina-cream disk to right (control) precentral motor cortex after 
ablation of contralateral (left) precentral motor cortex (heavy solid outline) and alumina- 
cream treatment of the ablated site (dotted area). Arrows in C and D indicate site of injection 
of alumina cream. A, Monkey 464; B, Monkey 515; C, Monkey 512; D, Monkey 513. 
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RESULTS 

In three monkeys (Table 1) alumina cream was applied to one precentral 
motor cortex immediately after subtotal ablation of the contralateral precentral 
motor cortex. As controls, two monkeys were similarly treated with alumina 
cream immediately after a dural flap had been made in the contralateral pre 
central motor area. Five monkeys which had been treated previously with the 
same alumina-cream preparation (Lot 150) on one precentral motor cortex were 
used as controls of epileptogenic activity. It may be seen from Table 1 that all 
three of the test animals (monkeys 585, 586, and 591) exhibited a significant 
number of “spontaneous” seizures. In comparison, the control animals with 
dural flaps (monkeys 584 and 587) exhibited no “spontaneous” seizures, while 
of the five additional control animals two showed minimal “spontaneous” seizure 
activity. From the data presented no appreciable difference in time of onset of 
seizures or of induced seizure reactivity was evident. [Evaluation of electroen 
cephalograms on the basis of the maximal degree of abnormality produced did 
not disclose a significant difference between the test and the control groups 

In four monkeys (Table 2) subtotal ablation of one precentral motor cortex 
was followed 3 to 14 months later by treatment of the ablated site with alumina 
cream, applied either in a disk or by local injection. The results with three of 
these monkeys (515, 512, and 513) have been described elsewhere.* It was shown 
that ablation of various portions of the precentral motor cortex did not prevent 
the development of seizures upon subsequent application of alumina to the 
ablated or adjacent area, except in monkeys 515 and 512. Monkey 513 had 
onset of seizures five months after injection of alumina. These continued to 
occur for 5% months and were followed by a period of nonreactivity, lasting 
7% months. In monkey 464, not included in the previous series, in which abla- 
tion had been performed in infancy, no seizures occurred after the application 
of alumina to the ablated site 141% months later. 

Nine to 18 months after the application of alumina to the ablated site, a disk 
of alumina cream was placed over the contralateral (right) precentral motor 
cortex. In each case status epilepticus (bilateral, predominantly left-sided ) 


I 


occurred to 11% months later. Despite the daily administration of pheno 


barbital sodium, 1 grain (0.065 gm.), subcutaneously, three of the four monkeys 


(515, 512, and 513) died in status epilepticus one week later. 


In the control series (Table 2) both lots of alumina cream (141 and 150) 
induced the usual type of chronic recurrent convulsive activity and electro 
encephalographic changes without the appearance of status epilepticus. How 
ever, Lot 141 was more active than Lot 150, as evidenced by a greater incidence 
of “spontaneous” seizures. 

COM MENT 

It would appear from the data presented that the simultaneous or prior 
ablation of the contralateral precentral motor cortex of Macaca mulatta predis 
poses to an increased epileptic response to alumina cream applied to the precen 
tral motor cortex. The possibility of interruption of “inhibitory” fibers or 


mechanisms by the ablation should be considered. The observation of Blum, 
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Blum, and Chow that cortical ablations rostral to the superior postcentral 
sulcus render monkeys particularly vulnerable to amphetamine ( benzedrine®)- 
induced seizures lends support to this view. Such a hypothesis is consistent with 
the increased convulsive reactivity produced by section of the corpus callosum in 


epiliptic monkeys previously mentioned “Inhibitory” fibers may project from 


the contralateral precentral motor cortex through the corpus callosum, so that they 


may be functionally interrupted at either the callosal or the cortical level. 

In no instance did ablation of the contralateral precentral motor cortex 
inhibit or decrease the convulsant effect of alumina cream applied to the precentral 
motor cortex. From this it may be inferred that an intact contralateral pre- 
central motor cortex is not essential for the production of convulsive seizures. 

local vascular, tissue, and other changes associated with ablation should be 
considered as factors. Destruction or ablation of contralateral precentral motor 
cortical tissue by means of other physical, chemical, or related techniques, which 
could have served in further controlling the evaluation of the changes associated 
with our ablation procedure, were not employed. The control animals therefore 
served principally to demonstrate the activity of the alumina preparations used. 

In Table 1, the chief evidence of an increased convulsant response was the 
appearance of a significantly greater number of “spontaneous” seizures with the 
same alumina-cream preparation (Lot 150), the epileptogenic effectiveness of 
which remained unchanged over a period of two years when stored at 4 to 5 C. 
Since alumina-cream preparations vary in their epileptogenic capacity, it is neces- 
sary to establish the degree of activity by suitable controls. 

Table 2 presents the effect of alumina cream applied to the untreated cortex 
of animals previously studied These monkeys were included in a series in 
which it was demonstrated that the application of alumina over an ablated pre- 
central motor area still caused characteristic clinical and electroencephalographic 
manifestations of epilepsy. Three of the four animals for which results are 
recorded here are the exceptional animals which failed to exhibit seizures. It is 
to be noted that in every instance bilateral status epilepticus occurred within 
142 months after the second application of alumina crean These findings also 
suggest the possibility that the contralateral ablation renwved an inhibiting or a 
suppressing effect of the precentral motor cortex. However, alumina-cream 
treatment per se on the ablated site may have facilitated the production of 
seizures, and this raises the further question of the capacity of a second applica- 
tion of alumina cream at another site to accentuate an active focus or to reacti- 
vate a quiescent tocus 

SUMMARY 


\pplication of alumina cream (suspension of aluminum hydroxide in water) 
to the intact precentral motor cortex with simultaneous subtotal ablation of the 
contralateral precentral motor cortex in three monkeys induced a greater degree 
of convulsive reactivity than in a control series of seven monkeys without abla- 
tion similarly treated with alumina cream. 

4. Blum, R. A.; Blum, J. S.. and Chow, K. I Production of Convulsions by Adminis- 
tration of Benzedrine*® Following Brain Operations in Monkeys, Arch. Neurol. & Psychiat 
64:685-691 ( Nov.) 1950 
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The application of alumina cream to the intact precentral motor cortex in four 
monkeys which had been treated 9 to 18 months previously with alumina cream 
at the site of ablation of the contralateral precentral motor area resulted in 
status epilepticus. Three of the animals died within one week after the onset 
of status epilepticus. 


The existence in the precentral motor cortex of the monkey of “inhibitory” 


fibers or mechanisms whose interruption at the cortical or callosal level facilitates 
convulsive reactivity is suggested. 


Dr. Margaret A. Kennard performed some of the earlier ablations, and Miss Frances 


Simpson gave technical assistance. 
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STATISTICAL CONTROL STUDIES IN NEUROLOGY 
Il. The Pronator Sign of Wilson 


NATHAN SAVITSKY, M.D. 
AND 


JACQUES M. MADONICK, M.D. 
NEW YORK 


T! 11S ARTICLE is the second of a series of papers dealing with the incidence 
of neurologic signs in “control groups.’ The first paper presented the results 
of the study on the Babinski sign.’ Further investigations have emphasized the value 
of such control studies from several points of view. In addition to the light thrown 
on the clinical value of the particular sign, these studies have revealed the frequency 
of abortive and subclinical forms of various diseases of the nervous system. 
Pronation of the outstretched hand and forearm was described by Wilson * as a 
“little sign’ in acute chorea. A pronator sign was described by Strimpell * in 1901 
as an early sign of pyramidal-tract disease. It was studied again by Babinski* in 
1907 and by Gierlich ° in 1925. These three investigators pointed out that pronation 
of the forearm and hand at rest and when outstretched is an early sign of pyramidal- 


tract disease. The clinical phenomenon reported in this study is apparently not 


related to pyramidal-tract involvement and is elicited in a different manner by 
quickly bringing the upper limbs in extension above the head. It is unfortunate that 
these two signs are known in the literature by the same name. It may be advisable 


to designate the sign discussed in this paper as the Wilson pronator sign. 


MATERIAL AND METHOD 


In order to determine the incidence of this sign in the general population, we examined 2,500 
inselected, non-neurologic patients in a city hospital. In addition, we investigated its incidence 
in patients with various extrapyramidal syndromes, as listed in the accompanying table. In 
testing for the sign, we requested the patient to extend the upper limbs before him and then to 
elevate them above the head. The rapidity of the extension of the upper limb above the head was 


not a factor. A positive sign was one in which there was hyperpronation of the hands, on one 


From the Neuropsychiatric Service of the Morrisania City Hospital 
1. Savitsky, N., and Madonick, M. J.: Statistical Control Studies in Neurology: I. The 
Babinski Sign, Arch. Neurol. & Psychiat. 49:272 (Feb.) 1943. 
2. Wilson, S. A. K.: Modern Problems in Neurology, New York, William Wood & 
mpany, 1929, p. 218 
3. Striimpell, A.: Uber das Tibialisphanomen und verwandte Muskelsynergien bei spastischer 
Paresen, Deutsche Ztschr. Nervenh. 20:443, 1901 
4. Babinski, J] a pronation de la main dans l'hémiplégie organique, Rev. neurol. 
15:755, 1907. 
5. Gierlich: Uber das Pronationsphinomen der Hand als friithes Kennzeichen einer Lasion 
der Pyramidenbahn, Deutsche Ztschr. Nervenh. 84:69, 1925 
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or both sides, immediately or a few seconds after extension of the upper limb above the head 
Occasionally hyperpronation was evident soon after the upper limb was extended directly for- 
ward. All the patients were examined thoroughly from the neurologic standpoint. We found no 
positive correlation of the pronator sign with the presence of pyramidal-tract signs. The Babinski 
sign was elicited in 12 (2.1%) of the 563 patients with a Wilson pronator sign. The incidence of 
the Babinski sign in the control series of 2,500 non-neurologic patients was 4.3% In none 
of the 12 patients with both a Babinski and a pronator sign were there signs of pyramidal-tract 


involvement, such as tendon hyperreflexia, weakness, or spasticity 


RESULTS AND COMMENT 


The table indicates that the sign was positive in 22% of the 2,500 patients in 
the hospital group. When we exclude the 252 patients with rheumatic fever and 


active or inactive rheumatic heart disease, in 72.6% of whom the sign was positive, 


the incidence becomes 16% for the remaining 2,248. The Wilson pronator sign 
was unilateral in 21% of the patients in the rheumatic group and in 26% of the 


patients who had the sign but no rheumatic involvement. The incidences of involve- 


Incidence of the Wilson Pronator Sign in ) urologt atients d in Patients with 


Various Extrapyramidal Syndromes 


Patients with Positive 
Pronator Sign 
No. of 
Diagnosis Patients No 
Non-neurologie disorders (hospital series). 
Rheumatic fever; active and inactive rheumatic heart disease 
Hospital series with omission of Group 2 
Acute chorea 
Degenerative chorea 
Dystonia 


Parkinsonism 


ment of the right and left sides seemed about equal in the unilateral cases. In the 


series of 2,500, the sign was positive in 42% of patients under 19 and in 17% of 


those over 19 years of age. Age itself is apparently not a factor, since 29% of all 


the patients in the hospital series under 19 years of age had rheumatic fever, with or 
without cardiac involvement, and only 8% over 19 had rheumatic disease. The 
relatively high incidence of the Wilson pronator sign in children may be explained 
partly by the frequency of rheumatic fever in that group and the greater tendency 
to rheumatic encephalopathy (Costero"). There was no evidence of pyramidal 
disease in the children with a positive pronator sign. None of the patients below 
the age of 19 had both Babinski and a Wilson pronator sign. Lack of cooperation 
may have played a role in a few instances. Sex had no importance in accounting for 
the presence of the sign. A positive sign was found in 20% of the males and in 23% 
of the females. 

Numerous studies have shown cerebral alterations in cases of rheumatic fever 


with and without cardiac disease even in the absence of chorea (von Santha?; 


6. Costero, I.: Significado de la linfocitosis intersticial en el reumatismo y en otros procesos 
inflamatorios con una interpretacién global de la principales lesiones reumaticas, Arch. Inst 
cardiol. México 16:471, 1946 

7. von Santha, K.: Uber Gefiissveranderungen im Zentralnervensystem bei Chorea rheu- 
matica, Arch. path. Anat. 287:405, 1932. 
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Breutsch,* Kernohan, Woltman, and Barnes Bodechtel '°; Awzen de Gortari, 
Pell6n and Costero '*; Sacks van der Horst '*; High and Aegerter Benda '*) 
Chere is no mention of the Wilson pronator sign in any of these studies. This sign 


is sometimes evidence of cerebral involvement. 


\s noted previously, Wilson '* considered the pronator sign a minor one in 


chorea. However, he gave no figures as to its frequency in this disease. He con- 
sidered it indicative of the partial release from voluntary control of mechanisms 
completely released in decerebrate rigidity. Shaskan '* also mentioned its presence 
in chorea but cited no figures. Hoff and Schilder '* were of the opinion that the sign 
was due to cerebellar involvement. 

Some of the patients with a Wilson pronator sign and without gross clinical 
evidence of rheumatic involvement of the heart had roentgenographic and fluoro- 
scopic examinations of the chest and electrocardiographic studies. Thirty-six 
patients, all over 20 years of age, with positive signs were x-rayed. Two had mitral 
configurations, and two showed enlargement of the left ventricle. Of these 36 
patients, 6 had abnormal electrocardiograms ; 3 had a P-R interval greater than 0.21 
sec.; | had a ORS complex of more than 0.11 sec. ; 1 showed a diphasic and notched 
P-wave in lead II, and 1, an inverted and diphasic T-wave in lead I. These abnor- 
malities were much more frequent than in electrocardiograms of so-called normal 


persons, as shown in the available control studies of Lewis and Gilder *"; Shipley and 


8. Breutsch, W. L.: Rheumatic Brain Disease: Late Sequel of Rheumatic Fever, J. A 
M. A. 134:450 (May 31) 1947 

9. Kernohan, J. W.; Woltman, H. W., and Barnes, A. R.: Involvement of the Nervous 
System Associated with Endocarditis: Neuropsychiatric and Neuropathologic Observations in 
42 Cases of Fatal Outcome, Arch. Neurol. & Psychiat. 42:789 (Nov.) 1939 

10. Bodechtel, G Gehirnveranderungen bei Herzkrankheiten, Ztschr. ges. Neurol. u. 
Psychiat. 140:657, 1932 

11. Awzen, A. P.: Le probléme de l’encéphalite rhumatismale, Proceeding, of Second Inter- 
national Neurological Congress, London, 1935, p. 122. 

12. de Gortari, A.; Pell6én, R.. and Costero, I Encefalopatia del reumatico; frecuencia 
insospechada de los accidentes cerebrales en el curso de la fiebre reumatica y su papel como 
factores determinantes de la muerte, en 107 casos con el estudio correspondiente de necropsia, 
Arch. Inst. cardiol. México 17:193, 1947 

13. Sacks, B The Pathology of Rheumatic Fever: A Critical Review, Am. Heart J. 
1:750, 1926 

14. van der Horst Rheumatism and Psychosis, Digest Neurol. & Psychiat., Inst. of 
Living 1§:399, 1947 

15. High, R. H., and Aegerter, E. E.: Rheumatic Heart Disease with Associated Meningo- 
encephalitis, J. Pediat. 27:343, 1945 

16. Benda, C. E.: Chronic Rheumatic Encephalitis, J. Nerv. & Ment. Dis. 106:84, 1947. 

17. Wilson, S. A. K.: On Decerebrate Rigidity in Man and the Occurrence of Tonic Fits, 
Brain 43:220, 1920 

18. Shaskan, D.: Mental Changes in Chorea Minor, Am. J. Psychiat. 95:193, 1938. 

19. Schilder, P The Image and Appearance of the Human Body: Studies in the Con- 
structive Energies of the Psychic, London, Kegan, Paul, Trench, Trubner & Company, Ltd., 
1935, p 

20. Lewis, T., and Gilder, M. D.: The Human Electrocardiogram: A Preliminary Investiga- 
tion of Young Male Adults to Form a Basis for Pathological Study, Phil. Tr., London, 
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Halloran *'; Hoskin and Jonescu **; Fox, Klements, and Mandel **; Ashman **; 
Johnson **; Stewart and Manning *°; McGinn and White **; Larsen and Skula- 
son,** and Hall, Stewart, and Manning.*" A control series of 36 patients without 
the Wilson pronator sign was studied in the same way. Abnormality in the electro- 
cardiogram was found in only one instance, the result of a recent coronary-artery 
infarct. Three of the 36 patients with a pronator sign had organic cardiac murmurs. 
Of the group of patients who had a pronator sign without clinical evidence of rheu 
matic disease, careful anamneses revealed a history of chorea in 9, rheumatic fever 
in 18, frequent joint pain in 11, and frequent sore throat in 13 

The high incidence of this sign in cases of rheumatic fever or rheumatic heart 
disease, without chorea, points to the probability of cerebral involvement in a rela- 
tively high percentage of patients without other clinical evidence of chorea. This 


observation is corroborated by the report of de Gortari, Pellon, and Costero.'’* They 


found pathologic changes in the brain with no clinical neurologic signs or symptoms 


in 19.6% of their series of 107 patients with rheumatic encephalopathy. 


SUMMARY AND CONCLUSIONS 


The Wilson pronator sign was studied in a series of 2,500 non-neurologic patients 
admitted to a general hospital. 

The sign was positive in 91% of patients with acute chorea, in 72.6% of 252 
patients with all tvpes of rheumatic fever with active and inactive rheumatic heart 
disease, and in 16.9% of the remaining 2,248 patients in the hospital series. It was 
present in 12 of 16 patients with chronic degenerative chorea, in 10 of 13 patients 
with dystonia musculorum deformans, and in only 1 of 250 patients with Parkin- 
sonisin. 

Age and sex do not appear to be factors 

Phere is no evident relation to pyramidal-tract involvement. The high incidence 
in rheumatic fever and rheumatic heart disease is probably due to organic involve 
ment of the brain 


1882 Grand Concou 


21. Shipley, R. A., and Halloran, W. R.: The Four-Lead Electrocardiogram in 200 Normal 
Men and Women, Am. Heart J. 11:325, 1936 

22. Hoskin, J., and Jonescu, P.: Analysis of 50 Normal Electrocardiograms Including Lead 
IV, Brit. Heart J. 2:33, 1940. 

23. Fox, T. T.; Klements, I., and Mandel, E. | Flectrocardiographic Changes in Old Age, 
Ann. Int. Med. 17:236, 1942 

24. Ashman, R.: The Normal Duration of the Q-T Interval, Am. Heart J. 23:522, 1942 

25. Johnson, H. J.: A Study of 2,400 Electrocardiograms of Apparently Healthy Males, 
J. A. M. A. 114:561 (Feb. 17) 1940 

26. Stewart, C. B., and Manning, G. W.: A Detailed Analysis of the Electrocardiograms of 
500 R. C. A. F. Aircrew, Am. Heart J. 27:502, 1944 

27. McGinn, S., and White, P. D.: The Duration of the QRS Complex in the Normal and 
\bnormal Electrocardiogram: A Study of 500 Cases with a Note on Nomenclature, Am. Heart 
J. 9:642, 1934 

28. Larsen, K., and Skulason, T.: The Normal Electrocardiogram: I. Analysis of the 
Extremity Deviations from 100 Normal Persons Whose Ages Ranged from 30 to 50 Years, 
Am. Heart J. 22:625, 1941 

29. Hall, G. E.; Stewart, C. B., and Manning, G. W.: The Electrocardiographic Records of 
2,000 R. C. A. F. Aircrew, Canad. M. A. J. 46:226, 1942 


ELECTROMYOGRAM FROM ORBICULARIS OCULI IN NORMAL PERSONS 
AND IN PATIENTS WITH MYASTHENIA GRAVIS 


STELLA Y. BOTELHO, M.D. 
CHARLES F. DEATERLY, M.D. 
AND 


JULIUS H. COMROE Jr., M.D. 
PHILADELPHIA 


k! KCTROMYOGRAPHY usually consists in recording action potentials from 
4 resting or voluntarily contracted muscles. In 1941 Harvey and Masland ' 
introduced another procedure, in which potentials are recorded when the muscle 
is made to contract by supramaximal stimulation of the motor nerve. This method 
has the advantage of eliminating the vagaries of voluntary effort and so permits an 
objective analysis of the function of the peripheral nerve, neuromuscular junction, 
and muscle. One limitation of the procedure is that only muscles supplied by nerves 
accessible to electrical stimulation can be studied, so that to date only the muscles 
of the extremities have been tested. 

\n early sign of myasthenia gravis is weakness of the extraocular and facial 


muscles, which is not necessarily accompanied by any subjective or objective evi 


dence of weakness of the extremities. In a series of 21 patients with myasthenia 


gravis studied by us, all had facial weakness and ptosis or diplopia, but five had 
no clinical evidence of weakness of the extremities; for three of these five patients 
electromyograms recorded from the hand muscles were normal. It appeared desir- 
able, therefore, to develop an electromyographic technique which could be applied 
to the facial muscles. 

METHODS AND APPARATUS 


Che apparatus for amplification, recording, and stimulation was similar to that used by 
Harvey and Masland,! and Hodes, Larrabee, and German *; it has been described in detail 
elsewhere The facial nerve was selected for electrical stimulation.  6-by-10-cm. copper 


(ground) electrode covered with gauze saturated with saline solution was placed at the nape. A 


circular silver-cup electrode, 7 mm. in diameter (cathode), was cemented to the skin anterior to 
the external auditory meatus at that point on the course of the facial nerve where threshold 


stimulation produced contraction of the orbicularis oculi muscle most readily. A similar electrode 


Chis study was aided by a research grant from Hoffmann-LaRoche, Inc., Nutley, N. J 

From the Department of Physiology and Pharmacology, University of Pennsylvania, 
Graduate School of Medicine 

1. Harvey, A. M., and Masland, R. I \ Method for the Study of Neuromuscular Trans 
mission in Human Subjects, Bull. Johns Hopkins Hosp. 68:81-94 (Jan.) 1941 

2. Botelho, S. Y.; Deaterly, C. F.; Austen, S., and Comroe, J. H., Jr.: A Critical Analysis 
#f the Electromyogram in Myasthenia Gravis, to be published 
3. Hodes, R.; Larrabee, M. G., and German, W.: The Human Electromyogram in Response 
to Nerve Stimulation and t onduction Velocity of Motor Axons: Studies on Normal and 
Injured Peripheral Nerves h urol. & Psychiat. 60: 340-365 (Oct.) 1948 
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(anode) was attached to the skin about 2 cm. inferior to the cathode. Supramaximal electrical 
stimuli were used throughout the study. The duration of each stimulus was 0.5 msec. or less 

Action potentials were recorded from the orbicularis oculi muscle by placing a silver-cup 
(active) electrode 7 mm. in diameter, on the supraorbital region, another (indifferent) electrode 
on the infraorbital region, and a third (ground) electrode between the eye and the stimulating 
cathode 

All cup electrodes, filled with “redux” electrode paste, were attached to the skin by gauze 
squares saturated with collodion. Careful positioning of all electrodes was necessary to reduce 
the size of the stimulus artifact. 

The recording camera was operated at a speed of 0.3 to 1.0 meter per second when normal 
subjects were studied, and at 0.1 to 0.2 meter per second in all other instances 


PROCEDURE 


The subject was seated comfortably. Stimulating and recording electrodes were fixed in place. 
Threshold, maximal, and supramaximal intensities were determined by observing the muscle 
action potential on the screen of a cathode-ray oscilloscope. Action potentials were then recorded 
photographically while the nerve was stimulated supramaximally at frequencies of 3, 10, and 25 
cps. An interval of two minutes was allowed between each volley. On two patients with 
myasthenia gravis, records were taken before and 30 to 45 minutes after subcutaneous injection 
of 1.5 mg. of neostigmine methylsulfate (prostigmin®) 4 and 0.6 mg. of atropine sulfate. The 
electrodes were undisturbed during the interval between the two recordings 


MEASUREMENT OF RECORDS 


It is dificult to compare absolute values for potentials in different muscles and in different 
patients because a variety of physical and physiological factors modify the potential recorded 
However, the characteristic feature of the electromyogram of patients with myasthenia gravis 
is a progressive decrease in amplitude of successive summated action potentials upon repetitive 
stimulation of the motor nerve For the purpose of this study, therefore, we thought it 
satisfactory to calculate the ratio of the amplitude of the negative phase of successive potentials 
to the amplitude of the initial potential and to assume that all factors remained constant over a 
period of the few seconds required for any given frequency of stimulation. In Tables 1 to 3, 
a ratio of less than 1.00 indicates that the amplitude of the given potential was less than that 
of the initial potential. The reading error averaged 1.5% of individual spike heights; maximal 
errors in reading produced ratios of 0.97 or 1.03. Alterations in excess of these represent 


physiological or pathological changes, granted that physical factors remained constant. 


RESULTS 
A. Normal Subjects —Table 1 presents the electromyographic data from the 
orbicularis oculi muscle of three normal subjects; the accompanying figure shows 
a typical record from a normal subject. The amplitude of the negative phase of the 
initial action potential (0.8 to 1.8 my.) following supramaximal stimulation of the 
motor nerve is less than that recorded by us from the adductor pollicis brevis 
(10.0 mv., S. D. = + 2.1; 13 subjects), using similar electrodes. Since the 


amplitude of the potential recorded by this technique is considered to be propor- 


tional to the number of contracting fibers,’ the orbicularis oculi, with fewer muscle 
fibers, would be expected to produce a smaller potential. Comparison with other 
muscle groups cannot be made because of differences in technique employed by 
various investigators." 


4. Dr. E. L. Severinghaus, Director of Clinical Research, Hoffmann-LaRoche, Inc., Nutley, 
N. J., supplied the drug 

5. Harvey, A. M., and Masland, R. L.: The Electromyogram in Myasthenia Gravis, Bull 
Johns Hopkins Hosp. 69:1-13 (July) 1941 


6. Harvey and Masland.! Hodes, Larrabee, and German 


= 


50 \/ IROHIVES Ol] VEU ROLOG) IND PSYCHIATR) 


The results of the present study do not permit inferences regarding the duration 
of the spike potential of a single contracting fiber, nor do they give accurate infor 
mation regarding the duration of negative and positive after-potentials in the 
orbicularis oculi muscle. To obtain these, it would have been necessary to record 
from single muscle fibers. In our technique, the negative phase results from nega 
tive activity of fibers directly under the active electrode, but the positive phase is 
a resultant of many factors, such as the negative activity of fibers under the indif- 
ferent electrode, the positive activity of fibers under the active electrode, and 


positive and negative activity of fibers not directly under either electrode. 


Taste 1.—Electromyographic Data from Orbicularis Oculi Muscle in Normal Subjects 


Amplitude of Potentials 2-10 


Amplitude Duration Ratio: 
Frequency (mv.) (Msec.) Amplitude of Potential 1 
of Sub Poten Potentials ae 

Stimulation ject tial 5 B31 3:1 4:1 6:1 8:1 9:1 10:1 
3 cps M 1.3 5 5 1.00 1.00 1.00 1.00 1.08 1.04 1.04 1.08 1.08 
I 14 5 5 1.07 1.07 1.03 1.07 1.03 1.08 Loo 1.07 10; 
h 8 3 3 1.04 1.04 1.04 1.04 1.04 1.04 1.08 1.00 1.08 
lO eps M 1.3 3 ry 1.00 1.04 1.04 1.04 1.04 1.08 1.04 1.00 1.00 
I 1 4 1.00 1.00 Low 1.00 1.00 1.00 1.08 
h Os 3 1.03 1.07 1.03 1.00 LA 1.08 1.07 1.03 1.08 
9 eps M 10 3 4 1.00 1.00 1.10 1.10 1.10 1.15 1.15 1.15 1.15 
I 1.10 0.94 0.97 0.97 0.97 O94 0.94 0.97 
kK 1.8 0.o 1.10 1.2¢ 1.18 1.3. 1.18 1.18 1.33 1.18 


Upper record Electromyogram irom normal subject (K). Stimulation rate, 10 cps; 
amplitude, 0.059 my. per millimeter 

Lower record: Electromyogram from patient (D) with myasthenia gravis. Stimulation rate 
10 cps; amplitude, 0.125 my. per millimeter. Note progressive decline in amplitude of the first 


to the fitth potential 
In both records the initial negative (upward) deflection is a stimulus artifact, and the time 
signal is at 0.04-second intervals 


The duration of the negative phase of the summated action potential from the 
orbicularis oculi can be measured. In our studies, it varied from 3 to 5 milliseconds, 
which ts approximately the same duration as that recorded by a similar technique 
trom the adductor pollicis brevis (4.4 msec., S. D + 0.7; 9 subjects). The dur- 
ation of the negative phase of the summated action potential is believed to be largely 
a measure of temporal dispersion.* Consequently, our measurements of duration do 
not permit any turther conclusion than that the degree of temporal dispersion is 
similar in these two muscles 
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The amplitudes of the 2d to the 10th potentials did not differ markedly from 
that of the initial potential when the nerve was stimulated at frequencies of 3 and 
10 cps. At a frequency of 25 cps the ratios varied more; this may be explained in 
part by the discomfort produced and the consequent movement and instability of 
the base line. In general the orbicularis oculi reacts similarly to the muscles of the 
hands in that the amplitude of the summated potential is well maintained during 
repetitive stimulation of the motor nerve. Harvey and Masland, studying the 
abductor digiti quinti, noted that the second response often exceeded the first by 
as much as 5% at frequencies faster than 20 cps, but that it was always within 
2% of the first at slower frequencies. Although we noted greater variation in 
records from the orbicularis oculi, there was a tendency for higher ratios to occur 
at frequencies of 25 cps. 

B. Patients with Myasthenia Gravis.—Four patients were studied; all had 
clinical evidence of weakness of the facial muscles, though only two (D and C) had 
weakness of muscles of the hands. Electromyographic data are presented in Table 2 
and in the figure. 

The amplitude of the initial action potential did not differ appreciably from that 
of the potential recorded from the same muscle in normal subjects except in patient 
C, whose potential was higher than any in either group. The initial potential 
appears to remain normal until pronounced neuromuscular block develops, as 
judged from studies on other muscles in patients with myasthenia gravis * and on 
muscles in normal subjects given progressively increasing doses of curare. 

We were unable to make accurate measurements of the duration of the summated 
negative potentials in these four patients because a fast camera speed was not 
available at the time. 

Measurement of the amplitudes of a train of potentials showed the sharp decline 
characteristic of the electromyogram obtained from other muscle groups in patients 
with myasthenia gravis. For our four patients, the lowest ratios were 0.44, 0.53, 
0.63, and 0.67. The smallest amplitude was recorded between the 3d and the 6th 
potential except in two instances; in these the 9th and 10th potentials were the 
smallest. In patient D, the ratio was lowered approximately the same amount 
regardless of the frequency of stimulation. In patient K, the ratios were lower 
when frequencies of 25 cps were used. Patient W differed from the others in that 
the amplitude did not decline consistently until the fourth to the sixth contraction. 
Her ratio of 1.13 for the amplitudes of the second and first potentials at a frequency 
of 3 cps is suggestive of the facilitation noted by Harvey and associates,* but this 
was not present at the faster rates of stimulation, as would be expected. 

Table 2 includes the ratio of amplitudes of the fifth and first potentials obtained 
by a similar technique from the abductor digiti quinti muscle in the same patients. 
Patient C, who had weakness of both facial and hand muscles, had electromyograms 
characteristic of myasthenia in both groups. Patient D, who also had clinical evi- 
dence of weakness in both muscle groups, showed a highly characteristic electro- 


myogram from the orbicularis oculi, but not from the abductor digiti quinti. The 


7. Botelho, Deaterly.2; Harvey and Masland.5 


8. Harvey, A. M.; Lilienthal, J. L., Jr., and Talbot, S. A.: Observations on the Nature of 
Myasthenia Gravis: Phenomena of Facilitation and Depression of Neuromuscular Transmission, 


Bull. Johns Hopkins Hosp. 69:547-565 (Dec.) 1941. 
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other two patients, who had weakness only of the facial muscles, had normal elec- 
tromyograms from the abductor digiti quinti and the typical alterations in records 
from the orbicularis oculi. 


C. Patients with Myasthenia Gravis Treated with Neostigmine—Table 3 


shows the effects of neostigmine methylsulfate upon the electromyogram obtained 


from the orbicularis oculi. The amplitude of the initial potential was not altered 


in patient K and was decreased slightly in patient D. (This decrease might have 


TABLI 


in Patient 


Orbicularis Oculi 


Vyasthenia Gravis Before Administration of Neostigmine 


Abductor 


Electromyographic Data from Orbicularis Oculi and Abductor Digiti Quinti Muscles 
s with 


Amplitude of Potentials 2-10 Digiti V 
Frequency Amplitude Ratio - Amp. Pot. 1 
of (mv Amplitude of Potential 1 
Stimu Poten » Amp. Pot.2 
lation Patient* tiall 1 3:1 4:1 6:1 7:1 8:1 10:1 
0.70 O61 0.59 O48 0.5? 0.52 0.52 0.57 0.95 
0.93 O80 0.98 O80 0.93 0.98 1.00 
Ww 1.1 1.) ( 0.75 O75 O87 0.75 0.63 0.87 1.11 
4 0.89 0.78 0.70 0.67 0.86 
10 eps D 1 0.61 ).57 0.52 OAS 0.48 0.48 0.52 0.48 OM 1.08 
kK 0.93 0.87 O80 0.80 0.80 O80 O80 0.30 0.80 1.05 
Ww 1.00 Loo 1.00 Loo 0.33 OS 1.00 0,83 1.00 
Cc 0.79 
eps 1.7 0.63 O47 OAT 0 0 0.58 0.63 0.63 
18 0.73 1.67 0.67 0 0.67 0.60 0.60 1.00 
W 10 0.90 1.00 1.00 O80 0.80 O80 0.80 1.10 
0.79 
* All patients had weakness of the facial museles and diplopia or ptosis of the lids; D and C had 
weakness «¢ the extremities, whereas K and W did not 
Pat 3.-E:lectromyographic Data from Orbicularis Oculi in Patients with Myasthenia Gravis 
After Administration of Neostigmine 
Ampli- Amplitude of Potentials 2-10 
Frequeney tude Ratio: 
o (mv.) Amplitude of Potential 1 
Sti Poten- 
lation Patient tial 1 2:1 3:1 4:1 6:1 8:1 1 lO: 1 
eps D 15 1.06 Low 0.04 0.04 1.00 1.00 
h 18 1.00 1.00 1.00 1.00 1.00 Loo 1.00 1.00 Loo 
10 eps D l 1.00 1.00 1.00 1.00 0.94 0.94 0.94 0.94 0.94 
Kk 1.08 1.00 1.00 1.00 LOO 1.00 1.00 
eps D 09% 1066 1.066 119 119 125 1.25 1.31 1.31 
h 1.8 1.00 0.80 0.80 0.73 0.80 0.80 0.93 0.8 0.98 


resulted from increased resistance at the recording electrodes caused by drying of 


the electrode paste. ) 


\fter the administration of neostigmine, the amplitudes of 


potentials 2 to 10 no longer declined when the nerve was stimulated at frequencies 


ot 


3 and 10 cps 


In patient K, 


whose preneostigmine ratios were considerably 


lower at 25 eps than at 3 and 10 eps, the ratios at 25 cps improved after injection 


of neostigmine, though they did not return to 1.0. In patient D, after administra- 


tion of neostigmine, there was a progressive increase in the ratios at 25 eps from 
0.94, at the second potential, to 1.31, at the ninth potential. This suggests that 
facilitation of neuromuscular conduction can occur in myasthenia gravis after admin- 
istration of neostigmine 
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COMMENT 


Experience with this small group of patients confirms the clinical observation 
that facial muscles of patients with myasthenia gravis may be affected earher or 
more severely than those of the extremities. The electromyogram of the orbicularis 
oculi may be highly characteristic of neuromuscular block at a time when the elec- 
tromyogram from the muscles of the hand is normal. Therefore, electromyographic 
studies of the orbicularis oculi may occasionally be a useful supplement to the 
neostigmine test in establishing a diagnosis of myasthenia gravis. 

The reason for the earlier involvement of the facial muscles in myasthenia gravis 
and in progressive curarization than of the muscles of the extremities is not clear. 
It has been postulated that the increased sensitivity of certain muscles to curare may 
be due to the anatomical arrangements of the muscle fibers, i. e., uniformity of the 
size and direction of muscle fibers and of the nerve-fiber: muscle-fiber ratio, so that 
a relatively small decrease in excitability can block the impulse to most muscle 
fibers simultaneously, whereas in a muscle with fibers of a variety of sizes, direc- 
tions, and innervation ratios a change in threshold might involve proportionately 
fewer muscle fibers.”. Brown and Harvey, working with the extrinsic eye muscles 
of the cat, concluded that since these muscles have potentials of short duration, 
they must be composed of a small number of muscle fibers of uniform size and 


orientation and must have a low nerve-fiber : muscle-fiber ratio. It is possible that 


the orbicularis oculi, though a facial, and not an ocular, muscle is anatomically and 


physiologically more closely related to the extraocular muscles than to those of 
the hand. Petersén and Kugelberg '° have reported that the duration of potentials 
of single motor units in voluntarily contracted facial muscles is shorter than that 
of potentials in the biceps brachii or dorsal interossei. Studies of other muscle 
groups affected early by curarization or by the myasthenic process have not been 
made. 
SUM MARY 

Action potentials were recorded from the orbicularis oculi muscle after supra- 
maximal stimulation of the facial nerve in three normal subjects and in four patients 
with myasthenia gravis. These potentials were compared with those from the 
adductor pollicis brevis and the abductor digiti quinti. The electromyogram from 
the orbicularis oculi muscle was characteristic of myasthenia gravis for all four 
patients, even though the electromyogram from the muscles of the hand was normal 
for two. Possible reasons for these findings are discussed. It is concluded that 
more than one muscle group should be studied before the diagnosis of myasthenia 
gravis is excluded on the basis of electromyography. Neostigmine converted the 
electromyographic pattern of the orbicularis oculi to or toward normal in both 
patients with myasthenia gravis to whom it was administered 


Dr. George Gammon and Dr. Irving H. Leopold referred these patients to us for study. 


9. Brown, G. L., and Harvey, A. M.: Neuro-Muscular Transmission in the 
Muscles of the Eye, J. Physiol. 99:379-399 (March) 1941. 


Extrinsic 


10. Petersén, I., and Kugelberg, E.: Duration and Form of Action Potentials in Normal 
Human Muscles, J. Neurol., Neurosurg. & Psychiat. 12:124-128 (May) 1949 


IS 353 


EFFECTS OF HISTAMINE ON CEREBRAL HEMODYNAMICS 
AND METABOLISM 


R. W. ALMAN, M.D. 
MARIE ROSENBERG, A.B. 
AND 


JOSEPH F. FAZEKAS, M.D. 
WASHINGTON, D. C. 


H'™! \MINE has been used extensively as a therapeutic agent in the treatment 
of many neurological disturbances. Its application has been based upon the 
hope that, since the drug is a potent peripheral vasodilator, benefit might be obtained 
if its action upon the cerebral vessel were similar to that observed on vessels else- 
where in the body. Animal studies by Forbes and associates ' demonstrated that 
the intravenous injection of histamine was accompanied by dilatation of the pial 
arteries unless they were already maximally dilated as the result of ether anesthesia. 
Weiss and Lennox * believed they had demonstrated, by a reduction of the cerebral 
arteriovenous oxygen difference, an increase in the rate of cerebral blood flow dur- 
ing intravenous administration of histamine. With newer techniques now available 
for examination of cerebral metabolism and hemodynamics, it was considered worth 
while to reinvestigate the effects on the brain of intravenous administration of hista- 
mine. Moreover, in view of the wide interest in clinical applicability of the drug, it 
was felt to be important that its effects on already abnormal cerebral functions be 
considered, 
METHOD 

lhe cerebral blood flow, oxygen consumption, and vascular resistance were determined in 
eight hospital patients by Scheinberg’s * modification of the nitrous-oxide technique of Kety 
and Schmidt. After a 15-minute rest period, histamine phosphate U. S. P. (“histamine diphos- 


phate”) (0.00055% ) was administered by intravenous infusion at such a rate that the mean 


From the Department of Medicine, Gallinger Municipal Hospital. 

Fellow in Medicine, Georgetown University School of Medicine, Washington, D. C. 
(Dr. Alman) 
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1. Forbes, H. S.; Wolff, H. G., and Cobb, S.: The Cerebral Circulation: X. The Action 
of Histamine, Am. J. Physiol. 89:266-272 (July) 1929 

2. Weiss, S., and Lennox, W. G.: The Cerebral Circulation: XVII. Cerebral Blood 
Flow and the Vasomotor Response of the Minute Vessels of the Human Brain to Histamine, 
Arch. Neurol. & Psychiat. 26:737-744 (Oct.) 1931. 


3. Scheinberg, P.. and Stead. FE. A.. Ir The Cerebral Blood Flow in Male Subjects as 
Measured by the Nitrous Oxide Technique, J. Clin. Invest. 28:1163-1171 (Sept.) 1949. 
4. Kety, S. S., and Schmidt, C. F The Nitrous Oxide Method for the Quantitative 


Determination of Cerebral Blood Flow in Man: Theory, Procedure, and Normal Values, J. 
Clin. Invest. 27:476-483 (July) 1948 
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arterial pressure was maintained at 5 to 50 mm. Hg below that of the immediately preceding 


control period. The administration of histamine phosphate U. S. P 


was continued for a period 
of approximately 20 minutes, and then for the 


additional 10 minutes required for the experi- 
mental-flow determination 


RESULTS 

The results are presented in the accompanying Table. It may be seen that there 
appeared to be no significant change in the mean of the cerebral blood flow rates 
of these subjects as the result of histamine administration in quantities sufficient to 
produce systemic vasodilatation, as evidenced by the average fall in arterial pressure. 
The mean values obtained were 41.9 ce. per 100 gm. brain per minute in the control 
phase and 44.5 cc. per 100 gm. brain per minute during histamine administration. 
The means of the arteriovenous oxygen differences were also essentially the same 
in the control and in the experimental observations. The mean cerebral oxygen 
consumption, the calculation of which is based upon the cerebral blood flow and 


Effects of Histamine upon Cerebral Hemodynamics and Oxygen ilisation * 


Diagnosis 
Cerebral cortical 
atrophy 


Postmeningitis 


restive heart 
lure 
Rheumatoid arthri 
tis 
Cerebral throm 
bosis 
Cerebral thron 


Posthypoglycemic 
coma 

Postbarbiturate 
poisoning 


Mean 41.9 45 109 


* Cc. B. F. indicates cerebral blood flow in 
M. B. P., mean arterial blood pressure 
millimeters of mercury 


cubie centimeters of blood per 100 gm 
in millimeters of mereury; C. V. R 
per cubic centimeters of blood per 100 gm 
venous oxygen difference 
ot oxygen per 100 gm. of 
histamine infusion 


brain per minute; 
, cerebral vascular resistance in 
brain per minute; A-V Oe, cerebral arterio 
in volumes per cent; ¢ M. R. Os, cerebral oxygen consumption in cubie centimeters 
brain per minute. C indicates the control phase; E, the experimental phase during 


arteriovenous oxygen difference, thus showed no significant change. The only func- 


tion which appeared to be influenced by the administration of histamine was the 
cerebral vascular resistance 


This showed variable, but consistent, dimmution in 
all patients and a significant mean reduction, from 2.8 mm. Hg 


er cubic centimeter 
of blood per 100 gm. brain per minute to 2.1 mm. Hg per cubic centimeter of blood 


per 100 gm. brain per minute. 
COMMENT 


The values for cerebral blood flow and metabolism are lower in this series than 


those cited by Kety and Schmidt * and Scheinberg and Stead.“ However, in our 
we have observed a definite tendency among unselected patients for 


these values to decrease with advancing age. 


laborat« TV, 


lhe figures reported in the present 
study are comparable to those for unselected patients of the same age range. 

5, Fazekas, *.; Alman, R. W., and Bessman, A. N.: Cerebral Physiol 
Am. J. M. Sc., to be published 


ogy of the Aged, 
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Age M.B.P AVO M.R. Os 
Case No. (Yr 
Subject Sex ‘ E ( E 
1R.D l 1 74 65 1.7 6A5 14 259 
M 4 x 70 18 1.5 pin 
M 
3 E. ¢ 49 1.9 11 4 J ».63 1.82 73 
M 
D.W 4 45. 15.5 lim) 2 ».91 61 69 
>A. M 3 41.0 104 6.90 6.10 06 
6 H.B 71 52.6 19.6 14? 6.71 299 3.33 
I bosis 
7 E.! 10.9 41.8 113 2.8 1.04 1.28 0.43 
I 
M.B 4 14 19.6 77 1.8 1.3 6.78 14 3.49 3.06 
= 
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There has been no evidence to indicate that histamine, at least in low concentra- 
tions, has any demonstrable intluence upon cerebral enzymatic activity. It should 
not be surprising, therefore, that we were unable to demonstrate any mean effect 
upon cerebral oxygen utilization. The changes in oxygen uptake noted in individual 
cases were insignificant or within the limits of experimental error of the method. 

The results of the nitrous oxide determinations of the cerebral blood flow, as 
previously stated, unequivocally indicate an absence of significant effect of histamine 
in accelerating the over-all cerebral blood flow. This is supported by the absence of 
significant mean change in arteriovenous oxygen difference in our studies. Recalcu- 
lation of the data presented by Weiss and Lennox * reveals a mean diminution in 
the cerebral arteriovenous oxygen difference during histamine infusion. However, 
of the seven determinations in which this calculation was possible, there was no 
significant change in three, an apparently significant rise in two, and a very marked 
fall in two. The drop in the last two cases, the chief cause of the comparatively 
small reduction of the mean value during histamine infusion, was so extreme as to 
suggest admixture of highly oxygenated blood from the common facial vein with 
that of the internal jugular vein. 

lhe reduction in cerebral vascular resistance noted in our series during histamine 
infusion tends to support the visual observations of Forbes and associates,' who 
demonstrated pial vasodilatation after parenteral histamine administration, and also 
the conclusion of Weiss and Lennox (cited by Forbes ') that dilatation of the deeper 
vessels was indicated by an increase in cerebrospinal fluid pressure during histamine 
infusion. In our cases, dilatation appeared to compensate exactly for the reduced 
mean arterial blood pressure, so that there was no significant alteration in cerebral 
blood tlow. It must be recognized that this cerebral vasodilatation need not have 
been a direct effect of histamine action, but may have been caused by normal com 
pensatory mechanisms acting in response to a reduction in peripheral blood pressure 
Finally, it must be realized that the experimental method employed measures only 
the average blood flow and oxygen uptake of the entire brain and cannot detect 
local changes if they are small or if they are accompanied by fully compensatory 


reciprocal changes elsewhere in the brain 


SUMMARY AND CONCLUSIONS 

Cerebral hemodynamics and oxygen uptake were studied in eight subjects before 
and during infusion of histamine phosphate U. S. P. (“histamine diphosphate”). 

Phe cerebral blood flow and oxygen utilization were not significantly influenced 
by histamine; cerebral vascular resistance was moderately reduced, indicating some 
dilatation of the cerebral vasculature. 

Ihe absence of change in cerebral blood flow indicates a lack of specific sensi 
tivity to histamine on the part of the cerebral vessels; either these vessels respond 
to the same degree as do those elsewhere in the body, thus accepting their normal 
proportion of the cardiac output, or their own activity can compensate exactly for 
minor reductions in arterial blood pressure 
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ELECTRICAL RECORDINGS OF NORMAL AND ABNORMAL EYE 
MOVEMENTS MODIFIED BY DRUGS 


PHILIP S. BERGMAN, M.D. 


MORTON NATHANSON, M.D. 
AND 


MORRIS B. BENDER, M.D. 
NEW YORK 


M OST DESCRIPTIONS of eye movements are based on direct observation. 
The unaided eye, however, cannot always discriminate the to-and-fro ocular 
movements which occur in nystagmus. Moreover, verbal description, no matter 
how elaborate, cannot convey the subtle character of some of these ocular excursions, 
particularly their frequency. For an accurate description, the eye movements must 
be graphically recorded. 

Recordings of eye movements have been made for many years. Most of the 
methods, however, are cumbersome, complicated, or uncomfortable for the patient, 
and they do not lend themselves readily to clinical research. A method which is 
easy and needs only equipment ordinarily available in a hospital is one based on 
electrical recording. 

The purpose of this study is to describe eye movements, particularly those of 
nystagmus, by means of electrical recording. Normal and abnormal eye movements 
have been studied. Furthermore, since it is known that intravenous injections of 
barbiturates influence eye movements and nystagmus,' the effect of amobarbital 


sodium (sodium amytal®) on all our subjects was investigated. 
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METHOD 


Phe technique we used is a modification of the one described by Lyman? in 1941. This, in 
turn, was based on the previous studies of several other investigators Seven solder disk 


11 


electrodes are fixed to the skin with cellophane® tape, with the use of electrode jelly. Six are 


placed at the margins of the orbits, and one is placed on the bridge of the nose (Fig. 1) 
Chese leads are connected with the input of a conventional electroencephalograph. The machine 
is then operated, with some modifications, in the usual way \ four-channel recording 


is made, as follows 


Channel 1 Right eye The superior-inferior electrodes record vertical movement. 
Channel 2: Left eye [he superior-inferior electrodes record vertical movement. 
Channel 3 Right eye The lateral-nose electrodes record horizontal movement. 
Channel 4 Left eye. The lateral-nose electrodes record horizontal movement 


With these connections, the polarities are adjusted so that in recordings of vertical movement 
there are an upward deflection for upward movement and a downward deflection for downward 
movement. In the horizontal recordings, a right lateral movement results in an upward 


deflection, and a left lateral movement, in a downward deflection (Fig. 2) 


Fig. 1.—Placement of electrodes. The solder disks are affixed to the skin as shown with 
cellophane® tape, electrode jelly being used for contact. In straight-forward gaze, the pupil 
lies in the line between corresponding electrodes. The wires run to a conventional electro- 


encephalograph junction box Skin resistances measure from 3,000 to 10,000 ohms For 


records of vertical movement, potentials are derived from the electrodes at the upper and lower 


borders of the orbits (Channels 1 and 2, Fig. 2). For horizontal movements, the electrodes at 
the outer canthus and on the bridge of the nose are used (Channels 3 and 4, Fig. 2). ; 
It has been shown * that because amplifiers of this type (capacitance-coupled) pick up only 


changes in potential, these deflections represent only a change in the position of the eyes, and 


Lyman, R. S.: Eye Movements in the Electroencephalogram, Bull. Johns Hopkins Hosp 
18:1-31, 1941 
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not their stationary location. Thus, even though ocular deviation is maintained, the pens return 


to the base line and remain there until the eye moves again. By extension, it can be shown that 


the amplitude of the deflection represents the velocity of the eye movement, and the shape of the 
individual deflection, the acceleration. Therefore, a large deflection represents a rapid move- 
ment; a sharp rise from the base line indicates a rapid change of position, and vice versa 
Inspection of the records will clarify these points 

The paper was run at a speed of 1.5 cm. per second, half the usual electroencephalographic 
speed. Calibration was effected in two ways 


first, by equalizing the actual tracings of move- 
ments, and, 


second, by the standard method of putting equal signals into comparable channels. 
Usually these two methods produced the same calibration without further 


adjustment. Filters 
were used in order 


to attenuate such fast potentials as muscle discharges and brain waves and to 

accentuate the low frequencies which constitute the usual eye-movement records 
Recordings were made while the patient executed the following eye movements, 

command or in pursuit of an object (a) right and left lateral gaze, ( 


either on 
) upward and down- 


ward gaze, and (c) convergence and divergence Tracings were also made of (a) nystagmus 


OS 


Fig. 2.—Standard gaze movements in a normal subject, as seen in the conventional four 
channel record. The upper channels record vertical movement in the right and left 
respectively ; the lower channels, horizontal movement. The direction of 
responding to the different movements is shown at the left. At 4, the patient maintains gaze 
to the right; at B, to the left; at C, up, and at D, down. Note that the pen returns to the 
base line immediately, even though gaze is being maintained, showing that only change of 
position affects the record. The notches seen here in the descending waves in the upper channels 
at C are common in normal subjects, as is the difference in the shape of the “up” and “down” 
deflections 


eyes, 
the deflections cor 


induced by a revolving striped cylinder (opticomotor drum), the so-called 


opticomotor, of 
optokinetic, nystagmus; (> 


) nystagmus induced by caloric stimulation of the ears, (c) nystag- 


mus induced by intravenous injections of 2.5% amobarbital 


sodium and 2% mephenesin (tol- 


serol™), and (d) nystagmus of congenital or acquired types. Most of the subjects were studied 


before and after administration of amobarbital sodium. Various amounts of drug were given, 


the injection being continued until nystagmus or other alterations appeared (in one to four 
minutes, depending on the speed of the injection and the state of the subject) 


The drug was 
administered at the rate of approximately 100 mg. per minute, but the rate was not held constant 


in the same patient or consistent from one patient to another. It was necessary to find an 


amount which produced definite changes in eye movements, but which was insufficient to cause 
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drowsiness or other mental states interfering with full cooperation. Generally speaking, patients 
with disease of the brain tolerated smaller amounts than normal persons, although there was 
great variability among subjects. At intervals during and after the injection, the patient was 
given tests of calculation and orientation. These the patient did well, so that the effects on the 
eye movements could not be ascribed simply to poor cooperation or inability to understand the 
directions. Observations were continued for varying periods in each case in order to record 


the waning effects of the drug and the return to the preinjection characteristics. 


MATERIALS 


Che subjects comprised two groups: (1) persons without evidence of organic disease of the 


central nervous system (members of the staff, medical students, and patients with psychiatric 
disorders), and (2) patients with congenital nystagmus or nystagmus due to disease of the 
brain 


RESULTS 


Normal Subjects—A. Normal Eye Movements: 1. Straight, forward gaze: 
lhe electrographic record of a subject looking straight ahead was essentially flat. 
This was not unexpected, since there was no obvious change in position of the eyes. 
Occasionally there were slight random deflections. 

2. Vertical gaze: On the subject’s looking upward (Fig. 2C), a fairly smooth 
upward deflection occurred, the pen quickly returning to the base line, even though 
the eye remained elevated. This deflection was equal in the two eyes. On downward 
gaze (Fig. 2))), the deflection was roughly the same but was directed downward. 
Sometimes one or two notches were superimposed upon some part of the deflection, 
as shown in C. Though equal in the two eyes, the deflections on downward gaze 
did not usually have the same characteristics as those on upward gaze in the same 
patient. The appearance of the deflections on upward or downward gaze varied 
somewhat from patient to patient and in the same subject from time to time.’ 

3. Lateral gaze: On gaze to the right (Fig. 24), an upward deflection was 
recorded from both eyes in the “horizontal” channels. These deflections were 
often unequal in size in the two eyes. This difference probably represented actual 
variations in the velocity or amplitude of the individual ocular excursions (rather 
than artifacts), since they were often evident on gross inspection, Again, the pen 
returned to the base line, even though the eyes remained in a deviated position. 
Notching sometimes occurred in some part of the deflection. 

On gaze to the left (Fig. 2B), there was a downward deflection, which was 
otherwise identical with the deflection on gaze to the right. Notching in one direc- 


tion and not in the other was sometimes seen. As in vertical gaze, the shape and 


other characteristics of the waves varied considerably, even in the same patient. 


4+. Convergence and divergence: When the patient converged, a “converging” 
deflection occurred in the “horizontal” records (Fig. 3). This was because the 

5. When recording was done from the four channels simultaneously, large deflections 
usually appeared in those pens not directly recording the particular line of gaze occurring 
for example, in the “horizontal” channels (3 and 4) when the patient looked upward or in the 
“vertical” channels (1 and 2) when the patient looked from side to side. We were able to 
show, by measurements of photographs and from the results in patients who had only one eye, 
that these deflections were largely artifacts, and they had to be disregarded in interpreting the 
records. Thus, in Figure 2, the appearance of “convergence” in channels 3 and 4 when the 
patient looked upward was not accompanied by actual convergence, as determined from photo 
graphs 
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polarities were set in this way. The reverse, of course, took place in divergence. 
The characteristics of the two deflections, representing convergence and divergence, 
were usually different. Not all patients showed the pattern illustrated here, but 
those who had good convergence on gross observation did so. Some subjects per- 
formed convergence by fixing at a near point with only one eye, the other deviating 
simultaneously outward. The concomitant outward movement, as shown in the 
record, was indistinguishable from lateral conjugate deviation. Still other subjects 
exhibited intermediate varieties, in the form of latent heterophorias. For example, 
there might be an initial convergence, but in a short time only one eye fixed on 
the object, while the other drifted outward. The details of these observations were 
apparent in the records. 

The convergence movements were apparently faster, and therefore resulted in 
sharper deflections, than divergence movements, at least under the conditions of 
this study. 

5. Blinking: A voluntary or involuntary blink appeared in the record as a 
sharp upward deflection in the “vertical” channels of both eyes (Fig. 10D), indi- 


cating that the blink was accompanied by a rapid upward movement of the eyeballs 


Fig. 3.—Convergence and divergence in a normal subject, shown at C and D, respectively. 
Recording was from “horizontal” channels only. With the arbitrary polarity setting, in which 
“right” corresponds to an upward deflection, the pens converge as the patient's eyes do so. 


(Bell’s phenomenon). The downward return movement was superimposed upon 
the upward deflection so soon after its onset that it usually became lost in the larger 
initial wave. If the patient kept his eyes closed momentarily, the deflection accom- 
panying the opening of the lids was downward, indicating the return from the 
elevated position. Voluntary upward gaze produced similar deflections, but they 
were not so sharp and could be easily distinguished from those caused by blinks. 
6. Optokinetic nystagmus: A typical response occurred when the opticomotor 
drum was rotated before the patient’s eyes, with the instruction, “Follow the stripes” 
(Figs. 44 and 541). In some cases the patient’s head was within the rotating drum, 
so that he was surrounded by the moving stripes. There occurred a regular succes- 
sion of saw-tooth waves, at frequencies related to the speed at which the drum 


turned. Fast and slow components of the nystagmus were shown as steep and 


gradual deflections, respectively. Thus, when the stripes went from the patient’s 
right to left, the fast component was toward the patient’s right; on the record the 
fast component showed as a steep upward (“right”) deflection of the wave, followed 
by a more gradual downward (“left”) deflection, which corresponded to the slow 
component. The shape and direction of the waves were reversed when the drum 
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Fig. 4.-Optokinetic response in a normal subject. 
the directions indicated by the arrows. 
before amobarbital sodium 


The stripes are moving horizontally in 
Recording was from “horizontal” channels only. 4 
When the stripes move from left to right, there are a gradually 
ascending (“right”) deflection (slow component) and a sharply descending (“left”) deflection 
(fast component) in each wave. The sharp, “saw-tooth” appearance is characteristic. The 
frequency of the waves is related to the speed of the opticomotor drum. 

R, after amobarbital sodium 
recorded 


There is no response, and only random ocular movements are 
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Fig. 5.-Optokinetic nystagmus in a normal subject 
tion as in Figure 4.4) 
B, aiter amobarbital sodium 


A, before amobarbital sodium (descrip 


In this type of response, as soon as the drum changes direc- 
tion, there is a lateral conjugate deviation of the eyes in the direction of the stripes, and the 
record shows the characteristic deflection. The saw-tooth waves in the record indicate that 
the rapid component is in the direction of the stripes, instead of in the opposite direction, as in 


Figures 44 and 5A. Thus, the nystagmus recorded here is not optokinetic nystagmus, but 
lateral nystagmus due to the drug. 
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turned in the other direction. Similar waves were obtained for optokinetic nys- 
tagmus in the vertical plane. It should be noted that optokinetic nystagmus was 
not always present when the drum was rotated before the eyes. Optokinetic 
nystagmus can be decreased, and in some instances abolished, by simply telling the 
subject, “Look at the drum but don’t follow the stripes.” The change thus produced 
is shown in the record (Fig. 6). This decrease or disappearance of optokinetic 
nystagmus occurs as long as the subject makes up his mind not to took at the 
stripes, even though his head may be within the rotating cylinder 

7. Response to caloric stimulation: Tracings were made during cold-water 
irrigation of the ears, and the resulting nystagmus was recorded. Theoretically, 
this method of recording ocular movements could be used to distinguish the spon 
taneous from the induced forms of nystagmus in the same patient, as described 
below with respect to amobarbital nystagmus. In one patient, who had nystagmus 
in both directions of lateral gaze and on downward gaze, cold-water irrigation of 
the right ear caused augmentation of the nystagmus to the left and abolition of the 
spontaneous nystagmus present on right lateral gaze. [-xactly the opposite occurred 
when the left ear was irrigated. 
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| 
_ Fig. 6.—Voluntary inhibition of optokinetic response. The patient whose record appears in 
Figure 4 was asked to look at the drum but not to follow the stripes. There was no nystagmus 


Our material on this point is still incomplete. 


B. Effect of Amobarbital Sodium: Intravenous injections of 0.1 to 0.5 gm. of 
amobarbital sodium in normal subjects resulted in alteration of the usual pattern 
of eye movements, as follows: 

1. Soon after the injection was begun (usually within a minute, at an injection 
rate of 100 mg. per minute), its effects appeared as a nondescript disorganization 
of the “base line.” The eyes showed random movements, and the subject could not 
maintain his previously good fixation. Thus, with the eyes at rest or in straight- 
forward gaze, a record which was flat became slightly irregular soon after 
amobarbital sodium was injected. 


2. Intravenous injection of amobarbital sodium produced nystagmus when the 


eyes were deviated from the midposition. This nystagmus, which occurred on 
vertical or horizontal deviation of the eyes, varied in character and frequency, and 
several frequencies often occurred simultaneously. Such combinations of frequen- 
cies are difficult or impossible to determine on gross inspection. The usual nystagmus 
was jerking in character, and on the record appeared as saw-tooth waves with a 
frequency of 1.5 to 3 per second. The fast (steep) component was in the direction 


of gaze. Moreover, the induced amobarbital-sodium nystagmus was usually differ- 
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ent in the two eyes, showing a more conspicuous movement in the abducted eye 
(Fig. 7,1). Combinations of frequencies were common, and the illustrations show 
records with simultaneous 2-, 4-, and 6-per-second waves (Fig. 7,2); 1.5- and 
7.5-per-second waves (Fig. 7,3), and 1- and 3-per-second waves (Fig. 7,4). In 
the usual case, the movement at first gave rise to the faster frequencies, with the 
slower waves superimposed later. These combinations could not readily be seen 


with the unaided eye. The nystagmus in the vertical plane also showed differences 


\ prominent feature was that the nystagmus was much more prevalent and more 
pronounced on upward gaze. Nystagmus on downward gaze was usually absent 


or minimal. 


> 


3. A reduction in the velocity of the gaze movements and blinking occurred 
regularly. This was seen as a decrease in the amplitude of the individual deflections, 
the blinking deflections showing the reduced velocity very clearly. They regained 
their original size when the effect of the drug had worn off. 

+. There was abolition of optokinetic nystagmus in all subjects after intravenous 
administration of amobarbital sodium, even though the subjects continued to watch 
the stripes. The resulting records took one of two distinct forms: In the first, there 
was no eye movement, and the record was flat or almost so (Fig. 48). In the 
second, there was nystagmus when the patient looked at the moving stripes. How- 
ever, it was apparent from the record that the nystagmus had the characteristics 
of that produced by amobarbital sodium, and not that induced by opticomotor 
stimulation. Such a record (Fig. 5B) shows clearly that the patient looked to one 
side, probably to the edge of the drum toward which the stripes were moving, and 
the resulting nystagmus was only that expected on lateral gaze as a result of 
administration of the amobarbital sodium. The fast component was in the direction 
of gaze, whereas in normal optokinetic nystagmus it is opposite the direction of 
rotation of the drum. The nystagmus was irregular, in contrast to the normal, in 
which the nystagmus is regular and proportional to the speed of the drum. More- 
over, there was a deflection corresponding to lateral conjugate gaze, whereas 
normally it is absent. A comparison with this patient's preinjection record (Fig. 


5.4) makes these differences obvious. 


EXPLANATION OF FIGURE 7 


Fig. 7.—1, nystagmus after injection of amobarbital sodium, normal subject. At A, the 
patient looks to the right; at B, to the left. There is a succession of saw-tooth waves at 3 per 
second, with the sharp deflection (fast component) in the direction of gaze. The nystagmus is 
more pronounced in the abducted eye (right eye in 4; left eye in B). 

2, nystagmus after injection of amobarbital sodium, normal subject. At 4 and C, the 
patient looks to the right; at B, to the left. At 4, there are saw-tooth waves at 4 per second. 
At B, there are large saw-tooth waves at 2 per second and smaller waves at 6 per second. The 
superimposition of many notches on the main deflection, at C, with a frequency the same as that 
of nystagmus, occurs only in abnormal subjects or in normal persons after administration of 
amobarbital sodium, and is not the same as the “physiological” notching described in the text 
and illustrated in Figure 2. 

’, nystagmus after injection of amobarbital sodium, normal subject. Recording was from 
“horizontal” channels only. On right lateral gaze, two superimposed frequencies are seen: 
coarse waves, at 1.5 per second, and fine, regular runs, at 7.5 per second. In both types the 
sharp (“fast”) component is in the direction of gaze. 

4, nystagmus after injection of amobarbital sodium, normal subject. Recording was from 
“vertical” channels only. As the patient looks upward, there are coarse, saw-tooth deflections. 


at 1 per second, and a sequence of fine waves, at 3 per second. 
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5. Convergence was altered by amobarbital sodium. If the patient had a normal 
response before use of amobarbital sodium (“converging” deflections), he showed 
no response at all or one of the variants mentioned previously in the section on 
normal eve movement; i. e., he converged partially or entirely with one eye. 

6. An early and constant finding was an increasing inability to maintain gaze 
positions, although the subjects were highly cooperative in other tests during the 
same periods. 

Abnormal Subjects (with acquired or congenital nystagmus ).—A. In previous 
communications, it was shown that if a patient manifested nystagmus on direct 
forward gaze, it was invariably abolished by amobarbital sodium.® This finding was 
confirmed in the present experiments. In patients with congenital nystagmus or 
multiple sclerosis who showed horizontal or vertical nystagmus on direct forward 
gaze, amobarbital sodium caused the nystagmus to disappear. The record of one 
of these patients is shown in Fig. 8,7. This patient, who had multiple sclerosis, 
showed an unusual form of nystagmus. Gross inspection revealed spontaneous 
vertical nystagmus on direct forward gaze in the right eye only. This nystagmus 
in the right eve remained the same in character on various directions of gaze. The 
record shows that this nystagmus was the same on right and on left lateral gaze 
It lacked fast and slow components and occurred at a frequency of 4 cps. The 
sinusoidal waves on the record are characteristic of the so-called pendular nys 
tagmus. Figure &,2 shows the disappearance of this nystagmus under the influence 
of amobarbital sodium, leaving only occasional random oscillations. Other move 
ments after injection of amobarbital sodium resulted in the usual mixture of 
frequencies on right lateral gaze (Figure 13 shows frequencies of 1.5 and 7.5 per 
second) with dissociation in nystagmus in the two eves. We have not seen such 
pronounced dissociation in our normal subjects 


\pproximately 20 minutes after amobarbital sodium had been given, the earliest 


signs of returning fixation nystagmus were evident on the record. This was clearly 


present before the nystagmus was apparent on direct observation. Figure 9 shows 
two bursts of the former 4-cps activity, which later became continuous. 

(On another occasion a 2% solution of mephenesin was administered intra 
venously to the same patient. Similar effects were produced, although they were 
less marked and less constant. [I luctuations took place between the time of the 


abolition and the return of the nystagmus on direct forward gaze, as shown in 


Bender.!@ Bender and QO’Brien.!» Bender and Gorman.!4 


EXPLANATION OF FIGURE 8 


Fig. 8.—/, vertical nystagmus on fixation in the right eye. A patient with multiple sclerosis 
exhibited pendular vertical nystagmus of the right eye on straight-forward gaze. The four 
channel record shows on “vertical” leads a regular series of sinusoidal waves in the right eye 
only, at a frequency of 4 per second. The irregular deflections in the lower two channels 
represent random eye movements 

), abolition of fixation nystagmus after administration of amobarbital sodium, in the patient 
whose record appears in 7. Recording was from all channels. On straight, forward gaze the 
previous disturbance in the record of the right eye has disappeared, leaving only occasional 
jerky movements, clearly different from the patient’s spontaneous nystagmus. The remainde: 
of the record has not changed except for the random waves in the lower channels, which arc 
more prominent. 
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Figure 10. In this record it can also be seen that a jerking nystagmus on upward 
gaze replaced the spontaneous pendular nystagmus. The amount of mephenesin 
needed to produce changes in eye movements was much greater than the effective 
dose of amobarbital sodium in the same patient. 

Many of the patients with acquired fixation nystagmus complained of oscillopsia. 


The oscillopsia was usually described by the patient in such a way as to correlate 


Fig. 9.—Return of fixation nystagmus after subsidence of the amobarbital-sodium effect on 
straight, forward gaze. Recording was from “vertical” channels only. Bursts of the former 
4-per-second activity at 4 and B indicate return of the nystagmus in the right eye. 


Fig. 10.—Effect of mephenesin on the patient with spontaneous nystagmus whose records 
appear in Figures 8 and 9. Recording was from “vertical” channels only. A, right lateral gaze 
A succession of saw-tooth waves occurs, the steep (“fast”) component being in the direction of 
gaze, with “pathologic” notching of the main deflection apparent. 

B, left lateral gaze. There is a suggestion of irregularity in the right eye, but the waves are 
not of “saw-tooth” character and no notching of the main deflection occurs. 

C, straight, forward gaze. The previous sinusoidal waves are present in the right eye, 
indicating pendular vertical nystagmus. 

D, continuation of C, after lapse of 10 seconds. The nystagmus has disappeared. This 
fluctuation is characteristic of the mephenesin effect. At the far right the patient blinked and a 
typical deflection appeared. Note the sharp, spike-like character of the wave. 


it with the observed nystagmus. Thus, a patient with vertical nystagmus described 
objects as “jumping up and down,” whereas another, with rotary nystagmus, stated 


that objects seemed to follow an elliptical course. This symptom was abolished by 
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amobarbital sodium as soon as the nystagmus disappeared. \When the influence 
of amobarbital sodium wore off, the oscillopsia returned, but later than the 
nystagmus. 

\ few patients with fixation nystagmus complained only of “blurring” and could 
not describe any feeling that objects were moving. In these patients the blurring 
disappeared when the nystagmus was abolished by the drug, and the patients 
reported great improvement in vision. This suggests that fixation nystagmus may 
be responsible for more instances of poor vision in multiple sclerosis than is com 
monly suspected, a possibility which is under investigation. 

B. A differentiation of the various types of spontaneous and induced nys- 
tagmus, occurring at the same time, was possible. One patient with congenital 
nystagmus had nystagmus in all positions of gaze, including fixation. When the 


opticomotor drum was rotated before this patient’s eyes, the congenital nystagmus 
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Fig. 11.—J, absence of optokinetic response in a patient with congenital nystagmus; record 
ing from “horizontal” channels only. The patient had pendular nystagmus on fixation; the 
record shows regular sinusoidal waves at a frequency of 3 per second. The drum, turning in 
the directions indicated, elicited no response. 


congenital nystagmus in the same patient whdse record appears in J; 


recording from 
“horizontal” channels only. A, patient looking to left. There is a succession of sinusoidal waves 
at 3 per second, with occasional superimposed coarse waves at 1.5 per second 


B, patient looking to right. Fragments of three frequencies are 
second. None of the waves are saw-toothed. 


seen—1.5, 3, and 5 per 
persisted, but it was evident from the record that there was actually no response 
to the moving stripes. All that was present was the preexisting fixation nystagmus 
(Fig 11,7). On lateral gaze, this patient showed two distinct frequencies of nys- 
tagmus, again with dissociation of the two eyes (Fig. 11,2). In this case, on right 
lateral gaze the frequencies consisted of saw-tooth waves at 1.5 per second and 
sinusoidal waves at 3 and 5 per second. On left lateral gaze the faster frequencies 
predominated. Although it could be determined grossly that there was a difference 
between the nystagmus on right and that on left lateral gaze, an accurate description 


_ 

| ay | | | | | 

OD. Wy! | | 


370 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 
was possible only after inspection of the record. After this patient had received 


amobarbital sodium intravenously, the nystagmus changed completely in frequency 
and character. These changes are summarized as follows: (a) The nystagmus on 


Fig. 12—Congenital nystagmus after administration of amobarbital sodium in the patient 
whose record appears in Figure 11; recording from “horizontal” channels only. The nystagmus 
has changed completely. A, left lateral gaze. There is regular activity at 5 cps, without inter- 
fering frequencies. 
component in the direction of gaze. Remnants of the former sinusoidal, 3-per-second waves are 
still visible 


B, right lateral gaze. There are prominent saw-tooth waves at 2 cps, with the steep (“fast”) 


Fig. 13.—Effect of amobarbital sodium on spontaneous nystagmus in the patient whose 
record appears in Figures 8, 9, and 10; channels as indicated. 4, right lateral gaze. Large, 
slow waves appear at a frequency of 1 per second, with some fragmentary faster activity. 
This is much more pronounced in the right eye, whereas the left shows chiefly the faster 
frequencies (especially at 7 per second) 
B, lett lateral gaze. The description of the two eyes given in 4 is almost exactly reversed 
here 
C, upward gaze. Large, saw-tooth waves appear at a frequency of 3 per second, with the 
sharp (“fast”) component in the direction of gaze. 


forward gaze and convergence was abolished. Similar effects in another patient 


are shown in Figure 13. (>) On right lateral gaze (Fig. 12) there was a jerking 


nystagmus (saw-tooth waves) at 2 per second, with the fast component in the 
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direction of gaze. This is the usual type of nystagmus seen with amobarbital sodium 
and did not differ from the responses of normal subjects. It could be seen, however, 
that the patient’s spontaneous 3-per-second sinusoidal waves persisted during amo- 
barbital sodium and were superimposed upon the record. (c) On left lateral gaze 


iA 


Fig. 14.—Spontaneous nystagmus in a patient with multiple sclerosis, showing nystagmus on 
upward and downward gaze; recording from “vertical” channels only. A, downward gaze: 
regular, sinusoidal waves at 7.5 per second 

B, upward gaze: saw-tooth waves at 3 per second, with the sharp (“fast”) component in the 
direction of gaze. Fragments of the faster frequency are also seen on downward gaze. 


4+ << 


Fig. 15.—Effect of amobarbital sodium on convergence in a patient with multiple sclerosis ; 
recording from “horizontal” channels only. Convergence and divergence are shown at C and 
1), respectively. A, before use of amobarbital sodium. Normal convergence is shown. B, after 
use of amobarbital sodium. Convergence is greatly diminished, to absence of response, with 
fragments of induced nystagmus. 


an entirely new frequency appeared (5 per second, at a lower amplitude), and there 


were no other recognizable waves. This response was not seen in any of our normal 


subjects. 
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It was possible to correlate to some extent the different frequencies seen on the 
record with the usual descriptions of grossly observed nystagmus. Frequencies 
below 6 per second are ordinarily described as “coarse” nystagmus (including 
movements further qualified as “jerky” ), whereas the movements at 7.5 per second 
and faster are often referred to as “shimmering.” 

In another patient, with multiple sclerosis, nystagmus was observed grossly to 
be present on upward and downward gaze. These appeared to be identical in 
character as seen with the naked eye. The electrical record, however, showed that 
there were two frequencies, one in each direction. Figure 14 shows that the 
nystagmus on upward gaze consisted of saw-tooth waves at a frequency of about 
3 per second. When the patient looked down, however, sinusoidal waves were 
recorded at 7.5 per second. This patient, who showed fairly good convergence 
before receiving amobarbital (Fig. 15), reverted to the “lateral-gaze” type of con- 
vergence after amobarbital sodium had been given, the concomitant lateral nys- 
tagmus showing clearly in the record. 


COMMENT 


The effect of drugs on normal and abnormal eye movements has been inves- 
tigated in the past, and gross observations on a wide variety of ocular conditions 
have been made.’ Simple inspection, however, is not sufficient to detect all the 
varieties of extraocular movements, particularly when nystagmus is present, and 
verbal description is insufficient to give a clear picture of what is happening. 

Other methods have been used to record nystagmus. A recent publication * 
describes these methods in some detail, and an exhaustive historical discussion is 
available in the work of Carmichael and Dearborn.* Earlier workers attached 
systems of levers to the closed lids, permitting them to make tracings on a smoked 
kymograph drum. Motion pictures have been used extensively. A record can be 
obtained by throwing a light beam on the surface of the eye (or on a mirror attached 
to a contact lens) and directing the reflection on to a photographic paper ; this can 
be an exceedingly sensitive method and detects the finest ocular movements, includ- 
ing “physiological nystagmus.” Unfortunately, none of these techniques is com- 
pletely satisfactory for clinical research. They do not permit of publication or of 
otherwise easy access to others (e. g., motion pictures), are unacceptable to the 
subject, are cumbersome to use, or require highly specialized equipment. The records 
published here illustrate a method which requires equipment usually available in 
a hospital, is completely acceptable to the patient, even if he is bedridden, provides 
printable records available for general inspection, and reveals details not accessible 
to the unaided observer. The method provides data which can be compared with 
others gathered at various stages during the course of the patient’s illness, with 
records taken during other diagnostic and therapeutic procedures, and with the 
records of other observers. 


7. Lord, M. P., and Wright, W. D.: Investigation of Eye Movements, Report on Progress 
in Physics, The Physical Society, London, 1950, Vol. 13, p. Af 


8. Carmichael, L., and Dearborn, W. F.: Reading and Visual Fatigue, Boston, Houghton 
Mifflin Company, 1947 
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This method, which in various forms has been in use since 1922,“* was used 
to study, in addition to gaze movements and nystagmus, caloric responses,’ opto- 
kinetic nystagmus,'” reading movements,'' and the relation of simultaneous head 
and eye movements.** Lyman? and Jung and Mittermaier °*” studied large series of 
patients and described many of the patterns seen in this study, Jung and Mitter- 
maier *” recorded eye movements in patients with spontaneous nystagmus and in 
normal subjects. They attempted to correlate the changes in response to the optico- 
motor drum immediately following caloric stimulation. They observed three patterns 
distinctive of peripheral labyrinthine disease, vestibular nuclear defects, and 
supranuclear lesions, respectively. Lyman ? also proposed that this technique might 
be used to identify eye-movement artifacts in the electroencephalogram. 

\lthough earlier workers in the field '* believed that eye-muscle potentials were 
being recorded, experiments by Mowrer, Ruch, and Miller '* and others '* indicated 
that the corneoretinal potential was the source of the electrical energy appearing 
in the oscillographic record. This problem, however, does not bear directly on the 
present study, since it is obvious that eve movements are being recorded, whatever 
the underlying mechanism. 


The records themselves illustrate that certain features of eye movements can be 


detected by this method, for example, the modification of normal movements by 


these drugs, the variation in response to drugs from one patient to another, the 
normal pattern of optokinetic nystagmus and its modification by drugs, the differ- 
entiation of various simultaneous frequencies of nystagmus in normal subjects after 
administration of drugs and in abnormal patients before and after the use of drugs. 

9. (a) Jung, R Eine elektrische Methode zur mehrfachen Registrierung von Augen- 
bewegungen und Nystagmus, Klin. Wehnschr, 18:21-24, 1939. (b) Jung, R., and Mittermaier, 
R.: Zur objektiven Registrierung und Analyse verschiedener Nystagmusformen: Vestibularer, 
optokinetischer und spontaner Nystagmus in ihren Wechselbeziehungen, Arch. Ohren-, Nasen- 
u. Kehlkopfh. 146:410-439, 1939. (c) Perlman, H. B., and Case, T. J.: Nystagmus: Some 
Observations Based on an Electrical Method for Recording Eye Movements, Laryngoscope 
49:217-228, 1939. (d) Baudouin, A., and Caussé, R Note sur |’électronystagmographie, 
Rey. neurol. 75: 304-306, 1943 

10. Baudouin, A.; Fischgold, H.; Caussé, R., and Lérique, J.: Une vieille notion trop 
oubliée: la différence de potentiel rétinocornéenne. Son intérét théorique et pratique, Bull 
Acad. med. 121:688-693, 1939. Ohm, J.: Uber interferenzen von 3 Nystagmusformen, Ner- 
venarzt 21:208-210, 1950. Redlich, F. C.; Callahan, A., and Schmetdje, J. F.: Electrical Poten- 
tials from Eye Movements, Yale J. Biol. & Med. 18:269-274, 1946. 

11. Carmichael and Dearborn. Tinker, M. A.: Study of Eye Movements in Reading, 
Psychol. Bull 43:93-120, 1946 

12. Schott.*8 Meyers.2> Jacobson, E.: Electrical Measurements of Neuromuscular States 
During Mental Activities: IIT. Visual Imagination and Recollection, Am. J. Physiol. 95:694 
702, 1930. 

13. Mowrer, O. H.; Ruch, T. C., and Miller, N. E The Corneo-Retinal Potential Dif- 
ference as the Basis of the Galvanometric Method of Recording Eye Movements, Am. J. 
Physiol. 114:423-428, 1936. 

14. Lindsley, D. B., and Hunter, W. S.: A Note on Polarity Potentials from the Human 
Eye, Proc. Nat. Acad. Sc. 25:180-183, 1939. Footnote 10. Miles, W. R.: The Stady Polarity 
Potentials of the Human Eye, Proc. Nat. Acad. Sc. 25:25-36, 1939; Reliability of Measurements 
of the Steady Polarity Potential of the Human Eye, ibid. 25:128-137, 1939; The Steady Polarity 
Potential of the Human Eye in Subjects with Unilateral Enucleation, ibid. 25:349-358, 1939. 
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The detailed analysis of certain forms of spontaneous nystagmus, particularly the 
dissociation of the two eyes, is possible with this technique. The method enabled 
us to study changes in eye movements induced by disease, drugs, or sensory stimu- 
lation. It is evident that the records are sufficiently reproducible and detailed to 
permit collection of accurate data. 

The use of drugs made it possible to study induced, reversible changes in eye 
movements, both normal and pathologic. These changes, when recorded appro- 
priately, provide useful data for neuro-ophthalmologic research and suggest further 
lines of investigation. 


SUMMARY 


The effects of the drugs amobarbital sodium and mephenesin on normal and 
abnormal eye movements were studied by means of electrical recordings. They may 
be summarized as follows: (a) In normal subjects these drugs produced nystagmus 
on lateral, upward, and downward gaze. The usual pattern was a jerky nystagmus 
at 1.5 to 3 eps, with the fast component in the direction of gaze. The two eyes did 
not respond identically on lateral gaze, nystagmus being much more pronounced in 
the abducted eye. Often other frequencies were present, sometimes as many as 
three simultaneously, varying from 4 to 10 cps. (b) These drugs abolished opto- 
kinetic (opticomotor) nystagmus. By means of these records it was possible to 
distinguish optokinetic response from the nystagmus induced by amobarbital sodium 
or spontaneous nystagmus. (c) There was an early, and almost constant, reduction 
in the velocity of the eye movements. After the effect of the drug had worn off, 
the amplitude of the movements returned to normal. (d) Convergence and diver- 
gence were altered after administration of amobarbital sodium. Either convergence 
was abolished completely, or the patient fixed the object at a near point with one 
eye only, the other drifting outward. (¢) The early disorganization of the record 
after injection of amobarbital sodium was detected and described, as were the first 
signs of return to the previous state. (f) The patients had great difficulty in 
maintaining positions of gaze. 

In subjects with acquired or congenital nystagmus, intravenous injection of 
amobarbital sodium produced the following changes: (a) Prompt disappearance 
of a preexisting nystagmus on direct forward gaze. If there was associated 
oscillopsia, the patient reported its disappearance. (>) Changes in the nystagmus 
on lateral and vertical gaze. Different frequencies appeared simultaneously, and 
these could be detected and described by means of the records. Differences between 


the two eyes were usually present. As in the normal group, spontaneous nystagmus, 


nystagmus due to amobarbital sodium, and nystagmus occurring in response to the 
opticomotor drum or caloric stimulation could be distinguished. 

The response to mephenesin was found to be similar to that occurring after 
amobarbital sodium. Fluctuations were more apparent, however; the time and 
duration of its effects were not so constant, and a much greater amount of the 
drug was required to influence the eye movements. 


EFFECTS OF SUBTOTAL LESIONS OF FRONTAL GRANULAR CORTEX 
ON DELAYED REACTION IN MONKEYS 


ROBERT A. BLUM, Ph.D. 
ORANGE PARK, FLA. 


ANY STUDIES have shown that bilateral ablation of the frontal granular 

cortex in monkeys is followed by inability to perform at better than a chance 
level on the delayed-response test, even at delays of less than five seconds. Evidence 
for more precise localization of lesions within the prefrontal region which produce 
this symptom, however, is scant, elusive, and contradictory. In 1935 Jacobsen ' 
found that after complete bilateral removal of all prefrontal cortex in the monkey 
except for a strip “several millimeters in width” anterior to the premotor area on 
one side only, the resulting deficit was quantitatively incomplete and was expressed 
as a shortening of the length of delay after which the animal could respond accu- 
rately. From this experiment, he suggested that the degree of deficit is inversely 
related to the amount of intact tissue of the frontal lobes. A similar experiment on 
a baboon, in which there was unilateral sparing of a band of tissue 1 cm. wide 
anterior to the arcuate sulcus, was reported by Jacobsen in 1936.* On the basis 
of studies of bilaterally symmetrical subtotal lesions, Jacobsen and Taylor * reported 
at the 1937 meeting of the American Psychological Association that “the portion 
of the frontal lobe focally concerned with delayed response consists of the extreme 
frontal pole and the tissue lateral to the frontal sulcus.” They retained the quali 


fication, however, that deficits following larger lesions are severer and more per- 


manent than those following less extensive removals. The 1943 edition of Fulton’s 
“Physiology of the Nervous System’ * cites unpublished experiments of Jacobsen 
and associates as establishing that lesions of Walker’s Area 8 or 9 are “without 
effect on delayed reaction, but that a full-blown deficit can be demonstrated after 
bilateral ablations of the frontal poles, i. e., areas 9b and 10.” This locus does not 


+ Dr. Blum died June 30, 1949. 

From the Yerkes Laboratories of Primate Biology and Yale University. 

This paper is based in part on a dissertation submitted to the Graduate School of Yale 
University in candidacy for the degree of Doctor of Philosophy. 

Dr. K. S. Lashley aided in the planning and execution of the experiments. The present 
manuscript was prepared, after the death of the author, by Dr. Josephine Semmes. 

1. Jacobsen, C. F.: Functions of Frontal Association Area in Primates, Arch. Neurol. & 
Psychiat. 33:558-569 (March) 1935. 

2. Jacobsen, C. F.; Elder, J. H., and Haslerud, G. M.: Studies of Cerebral Function in 
Primates, Comparative Psychology Monographs, Baltimore, Johns Hopkins Press, 1936, Vol 
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3. Jacobsen, C. F., and Taylor, F. V.: Behavioral Changes Associated with Lesions of the 
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4. Fulton, J. F.: Physiology of the Nervous System, New York, Oxford University Press, 
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fully coincide with that designated by Jacobsen and Taylor, and the characteriza- 
tion of the deficit as “full-blown” following a lesion of such restricted extent 
disagrees with Jacobsen’s often-repeated conclusion that the severity of the deficit 
is dependent on the mass of prefrontal tissue removed. Campbell and Harlow * 
pointed out that their experiments showed that Fulton’s report of Jacobsen’s find- 
ing “needs considerable qualification,” for after complete removal of Walker’s 
\reas 8b, 9, 10, 11, and 46, severe damage to Areas 12 and 25, and partial invasion 
of Areas 8a, 13, and 45, there is minimal lasting impairment. These data also cast 
serious doubt on the localization favored in the report of Jacobsen and Taylor. 
Further study of the effects of subtotal ablations of frontal granular cortex is obvi- 
ously required. 

Such ablations may also provide information on the dissociability of the various 
symptoms reported to follow removal of cortex anterior to the precentral gyrus. 
These symptoms in the monkey are principally of three kinds: hyperactivity, inabil- 
ity to fespond accurately in the delayed-response test, and disorders of visual 
perception. The visual changes are usually ascribed to encroachment on Area 8, 
whereas the other disturbances are said to depend on cortex situated rostrad. A 
relationship among the symptoms, however, is suggested by the facts that (a) the 
frontal eye fields, as defined by stimulation, are not confined to Area 8, but include 
parts of Areas 9 and 46, on the superior and middle frontal gyri,® and (b) reduced 
illumination eliminates hyperactivity and restores the capacity for delayed response.’ 
Since the usual form of the delayed-reaction test involves memory for a visual cue, 
i. e., sight of the lure in a specific location in visual space, it is not clear whether 
the loss of the delayed response is specifically a visual defect or is one of a more 
general character. A test of the generality of the behavioral change following pre- 
frontal operation would be to present a form of this problem in which the differ- 
entiating cue prior to delay is received through a sense modality other than vision.* 
Ditferential effects of various subtotal ablations on alternative forms of the delayed- 
response test might clarify both the nature and the mechanism of the observed 
defects. 

The validity and significance of conclusions drawn from relatively small lesions 
within a region are dependent to an unusually great degree upon accurate specifica- 


tion of the removals by postmortem histological analysis and upon the use of 


5. Campbell, R. J., and Harlow, H. F.: Problem Solution by Monkeys Following Bilateral 
Removal of the Prefrontal Areas: V. Spatial Delayed Reactions, J. Exper. Psychol. 35:110 
126, 1945. 

6. Smith, W. K.: The Frontal Eye Fields, in Bucy, P. ¢ The Precentral Motor Cortex, 
Urbana, IIL, University of Illinois Press, 1944, pp. 307-342. 

7. (a) Kennard, M. A.; Spencer, S., and Fountain, G., Jr.: Hyperactivity in Monkeys 
Following Lesions of the Frontal Lobes, J. Neurophysiol. 4:512-524, 1941. (b) Malmo, R. B.: 
Interference Factors in Delayed Response in Monkeys After Removal of Frontal Lobes, ibid. 
$:295-308, 1942. 

8. It might be considered that this question has already received an adequate answer in 
the work of Jacobsen and Nissen (Jacobsen, C. F., and Nissen, H. W.: Studies of Cerebral 
Function in Primates: IV. Effects of Frontal Lobe Lesions on the Delayed Alternation Habit in 
Monkey, J. Comp. Psychol. 23:101-112, 1937), who tested prefrontal monkeys on delayed alter- 
nation and found them as completely incapacitated in solution of this problem as in the usual 
delayed-reaction test. However, although a kinesthetic cue is available to the subjects in delayed 
alternation, it is not essential to correct solution; considering the dominance of vision in 
the primate, it seems more likely that visual cues would be used 
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reliable criteria of functional division. Lashley and Clark * emphasized that archi- 
tectonic schemata of the prefrontal region are based largely on fortuitous characters, 
which show much individual variation. Such charts are consequently of little value 
as guides in studies of cortical removals. Parcellation along lines of distinctive 
afferent or efferent connections has more promise of functional significance. 

The general region to be investigated in the present study includes the lateral 
and dorsal surfaces of the frontal lobe rostral to the arcuate sulcus. This sector 
receives projections from the thalamic nucleus medialis dorsalis. The medial sur- 
face ventral to the cingular sulcus and the orbital surface are excluded—the former 
because it is part of the projection field of the anterior group of nuclei,’® and prob- 
ably related in activity more to the remainder of the limbic cortex ''; the latter 
because it appears to be part of a separate system involving mainly the magno- 
cellular portion of nucleus medialis dorsalis and the hypothalamus.** 

The present study is concerned with effects of ablations of the superior, middle, 
and inferior parts of the lateral prefrontal region. Studies of resultant thalamic 
degeneration provide additional information on the ordering of the connections of 
these regions within nucleus medialis dorsalis. As indices of behavioral alteration, 


tests of delayed reaction to auditory, as well as visual, cues were employed. 


METHODS 


Subjects and Test Procedures—Six monkeys (Macaca mulatta) were used in this experi- 
ment. Their weights ranged from 2.5 to 4.5 kg. Two (Animals 1 and 5) were males, and the 
others, females. None had prior experimental experience. Animals 1, 5, and 6 were tested 
before, and again after, operation; Animals 2, 3, and 4 received training only after operation 
The preoperative scores of animals 1, 5, and 6 were combined with those of three other intact 
animals to give mean scores and standard deviations for each problem. These figures provide 
a standard of comparison for postoperative learning scores. Animal 6 and one of the latter three 
animals were also tested preoperatively for retention of auditory discrimination and auditory 
delayed response approximately six months after original training. 

For the visual delayed-response tests, the subject was brought in a portable cage from his 
living quarters to an experimental room in another building. The cage was placed on a table 
behind an opaque screen and a glass window. Two inches in front of the screen and the window 
were two No. 1 cans, 15% in. (38 cm.) apart. These were the containers under one or the 
other of which the monkey observed the food being hidden prior to delay. For the first series 
of tests, only the glass window separated the animal from the choice objects. A trial was given 
in the following way: A small piece of fruit was exposed for five seconds in front of the 
correct can; the can was then raised and the food placed underneath. After the appropriate 
delay interval, the glass window was raised and the animal allowed to make his choice. The 
subjects were adapted to the problem at a minimal delay interval (called 0 second), after which 
delays of 5, 10, 15, 20, 25, and 30 seconds were employed. After this series, the opaque screen 


was lowered during the delay period and between trials, and the animal was again tested at the 


9. Lashley, K. S., and Clark, G.: The Cytoarchitecture of the Cerebral Cortex of Ateles: 
A Critical Examination of Architectonic Studies, J. Comp. Neurol. 85:223-306, 1946. 


10. Mettler, F. A.: Extracortical Connections of the Primate Frontal Cerebral Cortex: I. 
Thalamo-Cortical Connections, J. Comp. Neurol. 86:95-117, 1947 

11. McCulloch, W. S.: The Functional Organization of the Cerebral Cortex, Physiol. Rev 
24: 390-407, 1944 

12. Walker, A. E.: The Medial Thalamic Nucleus: A Comparative Anatomical, Physio- 
logical and Clinical Study of Nucleus Medialis Dorsalis Thalami, J. Comp. Neurol. 73:87-115, 
1940. 
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same delay interval as before. Each subject was given approximately 50 trials a day and had 
to meet a criterion of 90% correct responses in a session at each delay interval before the next 
longer interval was used. 

The same general situation was used for training on auditory delayed response. 
Preliminary to this test, the animals were taught an auditory discrimination. For both dis- 
crimination and delayed response, two identical small boxes, 14% in. (37 cm.) apart, served 
as choice objects. The sounds to be “iscriminated were those of a buzzer and an ordinary door 
bell. The bell and the buzzer were about 85 in. (2 meters) apart, the bell being mounted on 
the wall to the left of the subject, about 6 ft. (180 cm.) away, and the buzzer, on the right 
side of the table. Both bell and buzzer were out of the subject’s range of vision. For the dis- 
crimination problem, the correct choice box was baited behind an opaque screen; the appropriate 


Fig. 1.—Record of lesions in Subjects 1 and 2. In this, and in the following reconstructions 
of cortical lesions, complete excision is indicated by hatching and partial destruction by stippling. 
Preservation of the depths of sulci is indicated by interrupted lines. The positions of the cross 
sections through the lesions are shown by the numbered lines on the surface drawings. In these 
cross sections the cortical gray matter is represented in white. Sections through the thalamus, 
from anterior to posterior, are shown for each hemisphere. Definitely degenerated regions are 
hatched; regions of “doubtful” degeneration are stippled. J’A, indicates nucleus ventralis 
anterior; nucleus anteromedialis: nucleus medialis dorsalis; nucleus ventralis 
lateralis; |’PL, nucleus ventralis posterolateralis; 7PM, nucleus ventralis posteromedialis; LD, 
nucleus lateralis dorsalis; LP, nucleus lateralis posterior; CM, centrum medianum; PL, 
nucleus pulvinaris lateralis; PM, nucleus pulvinaris medialis; P/, nucleus pulvinaris inferior ; 
LG, lateral geniculate body; MG, medial geniculate body. 


auditory stimulus was turned on for five seconds, the screen raised, and the animal allowed five 
additional seconds in which to make a choice with the auditory stimulus still sounding. If the 
choice was not made within five seconds, the screen was lowered and the trial repeated. The 
sound of the buzzer indicated food in the box to the right of the subject, whereas the ringing 
of the bell meant that the left box was correct. Mild electric shock, from the incorrect box, 


i \ 


Fig. 3.—Record of lesions in Subjects 5 and 6. 
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was used as punishment for errors in about one-quarter of the trials. Immediate correction was 
allowed. Approximately 30 trials a day were given on the discrimination problem, until the 
subject met a criterion of 90% correct choices in a session. The procedure for the auditory 
, except that the sound was turned off before the beginning 
of the delay interval and the screen was not raised until the delay had elapsed. No shock was 


used in these trials, and no correction was allowed. Delays of 0, 2%, 5, 7%, 10, and 12Y 


delayed-response test was the same 


seconds were employed 

Operations.—Operations were performed with aseptic technique, using pentobarbital anes- 
thesia. Tissue was removed in a block in the case of Subjects 1 and 2, and by aspiration in 
the other animals. All ablations were made bilaterally in one stage 

The operations were designed to remove the following areas: the complete prefrontal region 
in Animal 1; the dorsal part in Animal 2; the midlateral part in Animals 3, 4, and 5, and the 
ventrolateral part in Animal 6. After completion of testing the animals were killed. Recon- 
structions of the cortical lesions were made from serial sections 


, and thalamic degeneration 
was studied. Histological procedures, the 


method of reconstruction, and the criteria of retro 
grade degeneration have been described previously.'* Reconstructions of the lateral surfaces 
representative cross sections through the lesions, and sections through the 
thalamus are shown in Figures 1 to 3. 


of the hemispheres 


RESULTS 
VERIFICATION OF LESIONS 
ANIMAL 1 (Fig. 1).—The frontal poles were totally removed. More posteriorly, destruction 
was confined to the lateral surfaces, involving mainly the dorsal and midlateral parts. Con 


siderably less of the inferior gyrus was removed, particularly on the right. The posterior 


boundary of the lesion was at about the level of the end of the sulcus rectus. In the thalamus, 


degeneration was present in nucleus medialis dorsalis, and possibly also in nucleus antero- 
medialis. Throughout most of nucleus medialis dorsalis there was 


a central zone of intense 
gliosis and disappearance of cells 


Degeneration extended farther ventrad on the left, probably 
reflecting the greater damage to the inferior frontal gyrus on this side. 


In posterior sections, 
the degenerated region was confined to the medial part of the nucleus. 


ANnimMAL 2 (Fig. 1).—The lesions were confined to the dorsolateral and dorsomedial parts 
of the prefrontal region above the sulcus rectus except for a small patch of partial damage in 


the left ventrolateral region. On the left, the removal extended from about the end of the sulcus 


rectus to a plane cutting the sulcus about one-third of the distance from its anterior tip. On 
the right, the region completely removed was approximately symmetrical with that on the left, 
but there were zones of partial damage anterior and posterior to these limits. Thalamic degen- 
eration was clearly present only in nucleus medialis dorsalis and was more complete on the right 


A dorsocentral strip of the nucleus showed these degenerative changes. Approximately the 
anterior one-third of this nucleus on the left showed no retrograde degeneration; on the right, 


degeneration reached farther anteriorly but spared the extreme anterior tip. The posterior tip 


of the nucleus was intact on both sides. There was questionable evidence of degeneration in 


nucleus anteromedialis of each thalamus 
Animan 3 (Fig. 2).—The 


lesion in this animal was the largest of the three midlateral 


removals, The frontal poles were completely removed, but posteriorly the lesions were confined 


to midlateral parts. Damage extended to about midway between the end of the sulcus rectus 


and the angle of the arcuate sulcus. In both thalami, degeneration was present throughout the 
length of nucleus medialis dorsalis, and possibly within nucleus ventralis anterior and nucleus 
anteromedialis. In nucleus medialis dorsalis, the degenerated zone was located dorsolaterally 
in anterior sections through the nucleus, becoming central in the middle part and finally medial 
in the posterior tip 

ANIMAL 4 (Fig 


Che removal in this monkey was similar to that in Animal 3 except that 
in the left hemisphere destruction was less complete between the limbs of the arcuate sulcus. 


Retrograde changes in nucleus medialis dorsalis were similar to those found in Animal 3, except 


13. Blum, J. S.; Chow, K. L., and Pribram,. K. H 
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that in anterior sections on the right the degenerated region occupied a more lateral and ventral 
position. In both thalami the entire extent of this nucleus was involved, except the extreme 
posterior tip. No degeneration was found in any other nucleus 

ANIMAL 5 (Fi ).—The midlateral removal in this animal was smaller than that in Animal 
3 or Animal 4. The immediate region of the sulcus rectus was ablated The frontal pole was 
completely spared on the right, and only partially damaged on the left, lateral surface. Posteriorly, 
almost all the tissue between the limbs of the arcuate sulcus was undamaged on the left. On 
the right, the ablation reached the superior limb of the arcuate sulcus but spared the adjacent 
inferior midlateral surface. In the left thalamus, degeneration was present only in nucleus medialis 
dorsalis. In anterior sections, the lateral portion showed retrograde changes; more posteriorly, 
only a dorsolateral patch of degeneration could be distinguished; still farther back, the whole 
degenerated zone had moved somewhat centrally, and there appeared to be slightly more glia 


} 
y 


and fewer cells ventrad. In successive sections of the right thalamus, also, the area of nucleus 
medialis dorsalis showed retrograde changes shifting from lateral to central The posterior 
tip of this nucleus was not degenerated in both thalami. There was questionable degeneration in 
nucleus anteromedialis on the right. 

ANIMAL 6 (Fig. 3) lhe ablation in this animal involved predominantly the inferior frontal 
gyrus but extended into the midlateral region between the limbs of the arcuate sulcus on the left 
and into midlateral and dorsolateral regions anteriorly on the right. In the left thalamus, 
degeneration was confined to nucleus medialis dorsalis, involving principally the lateral and 
ventral parts. The degeneration faded out in the posterior tip of the nucleus. On the right, 
the degeneration in nucleus medialis dorsalis was approximately symmetrical in the anterior 
half but became more centrally located posteriorly. The extreme posterior tip was likewise 


intact on the right. There was a zone of degeneration in the medial part of nucleus ventralis 


lateralis in the right thalamus, and also possibly in nucleus anteromedialis 


EFFECTS ON BEHAVIOR 

Visual Delayed Response (Tables 1 and 2).—Without Screen: After opera 
tion, no subject, except Animal 6, was able to meet the criterion of 90% correct 
responses at all delay periods through 30 seconds. Animals 1 and 3 failed to meet 
this criterion at the minimal delay (called O second) after operation; Animal 4 
failed at 5 seconds; Animal 5, at 10 seconds, and Animal 2, at 25 seconds. However, 
the scores of Animals 2 and 3 were significantly above chance at the 5% level of 
confidence at all delays, and the score of Animal 4, at all intervals under 30 seconds. 
The score of Animal 5 was not significantly above chance at 25 seconds; yet a 
better, and significant, score was made at 30 seconds. Animal 1 was not tested 
above O second because of accidental death; his score at this delay was highly 
significant. 

With Screen: After operation, Animal 6 was the only subject who met the 
criterion at all delays. Animal 2 made scores significantly above chance at all 
intervals under 20 seconds; Animals 3 and 4+ dropped to a chance level at delays 
greater than 0 and 5 seconds, respectively. At all delays, the scores of Animal 5 
did not differ reliably from chance. 

Auditory Discrimination (Table 3).—The two monkeys who were tested for 
retention without an intervening operation met the criterion of 90% correct 
responses in the minimum possible number of trials, indicating practically perfect 
retention over a period of months. Two weeks after operation, retention was still 


perfect in Animal 6, but Animals 1 and 5 (the only other animals with preopera 


tive training ) showed only slight saving in relearning. All the animals trained only 


postoperatively eventually met the required criterion of learning, but were over 
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Taste 1.—Visual Delayed-Response Scores for a Group of Six Normal Monkeys * 


Period of Delay, Sec 
10 15 


Without Sereer 
Trial means 


» 
Trial o 


0 
Error means 


9 4 
Error 


With Sereen 
Trial means 
Trial 
Error means 
Error 


Means and 
interval of 90% correct responses in 
posed opaque sereen 


Standard deviations (co) of trials and errors required to reach a criterion at each delay 
a day's session of approximately 50 trials, without 


and with an inter 
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three standard deviations from the means of the normal group in both trials and 
errors. It appears that, except for Animal 6, both initial learning and retention ot 
the discrimination habit were affected by the operations. 

Auditory Delayed Response (Table 4).—All subjects, except \nimal 6, were 
considerably handicapped in this problem after operation. Whereas the six normal 
monkeys were all able to meet the criterion of 90% correct responses at delays ot 
10 seconds or longer, no animal operated on except Monkey 6 (whose scores were 
as good after operation as before) achieved this level of performance at delays over 
5 seconds. Animals 1, 3, and 4 failed to meet the criterion at O second,"* although 
the performances of Animals 1 and 4 were significantly above chance at this interval 
\nimals 2 and 5 failed at 5 and 7% seconds, respectively. Their scores at these 
delays, however, differed significantly from chance 


es 


TABLE 4 luditory Delayed-Response Scores * 


Period of Delay, Sec 


Subject 
No I E 

1 (preop.) m4 106 
(postop.) (3,418) (954 
2 (postop 1,440 528 
3 (postop.) (3,170) (1,543) 
4 (postop.) (3,753) (1,566 
5 (preop.) 620 176 
(postop.) 1,120 339 84 (2,335) (949 
(preop. I) 1,559 
(preop. II 


10 
1,020 243 
(postop.) 
(1) 
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(rroup mean 
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Group ¢ 4 187 


* Trials, T, and errors, E, necessary 
mately 30 trials. Scores given 
trials specified. Postoperative 

t N was a moukey 


to reach a criterion of 90% correct in a day's session of approx) 
parentheses indicate failure to meet the criterion within the number of 
are in boldface. 


who was trained (1), and later tested for retention (Il), but never operated on 


COM MENT 


The experiments reported here were undertaken to compare the effects of 


dorsal, midlateral, and ventrolateral excisions of frontal granular cortex on auditory 
and visual delayed-reaction problems. 


More specifically, an attempt was made to 
provide evidence on three questions: first, the purely psychological one of the inde 
pendence or dissociation of the symptoms observed ; second, the anatomicofunctional 
question of the relation of defect to the location and mass of tissue removed, and, 
third, the purely anatomical one of the manner of organization of the projection of 
nucleus medialis dorsalis on the prefrontal cortex. 


Dissociation of Symptoms.—Comparison of the results on the auditory discrimi 


nation and auditory delayed-reaction tests shows that if the animals are rated as to 
14. The procedure at 0-second delay differed from that used in tl 
problem in that only in the latter case was the sound still 
responded. 


ie auditory discrimination 


present at the time the animal 
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ability in each of these problems after operation, the resulting distributions are 
identical. Thus, of the monkeys trained before operation, Animal 6 was best 
(relearned in fewest trials) ; Animal 5, intermediate, and Animal 1, worst, on both 
problems ; of the animals trained only after operation, the order from best to worst 
was likewise the same for the two problems: Animal 2, then Animal 4, and then 
Animal 3. The fact that both discriminative learning and delayed reaction were 
adversely atfected in five monkeys, and were both unaffected in the sixth is in 
disagreement with Jacobsen’s * conclusion that the defect following prefrontal opera- 
tion is restricted to delayed reaction. Harlow and Dagnon'’ found prefrontal 
animals significantly inferior to normal controls in learning visual discriminations. 
The present study confirms and extends the conclusion of Harlow and Settlage ** 
that the particular functions involved in discriminative learning are not independent 
of the frontal areas. 

The similarity of the results on auditory and visual delayed-reaction tests sug 
gests that decrement in postoperative performance is unrelated to the modality 
through which the differentiating cue is received. Either the disturbance affects 
some process other than cue reception, or there is a general perceptual abnormality 
independent of modality. The first of these, illustrated by Jacobsen’s conception 
of “loss of immediate memory,” has required modification in view of the findings 
of various investigators '* that there is no inability to delay per se. Alterations of 
the experimental situation, which may be interpreted as perceptually emphasizing 
the ditterential cue, result in improved performance. Interpretation of the deficit 
in delayed-response problems as perceptual in nature (perhaps a reduced scope of 
responsiveness) is supported by independent evidence of such disorders following 
frontal-lobe lesions in both man and animals,'* but more precise specification of the 
disorder waits upon further experimentation. 

Relation of Defect to Location and Mass of Tissue Removed.—As pointed out 
in the preceding section, the outcomes of the tests of discrimination and delayed 
reaction were consistent among the experimental group, Animals 6 and 2 showing 
least postoperative disturbance, Animals 5 and 4 ranking intermediate, and Ani- 
mals 3 and 1 showing the most disturbance on all tests. Consequently, the several 
defects may be treated as a unit for purposes of structural-functional correlation. 


15. Harlow, H. F., and Dagnon, J.: Problem Solution by Monkeys Following Bilateral 
Removal of the Prefrontal Areas: I. Discrimination and Discrimination-Reversal Problems, J 
Exper. Psychol. 32:351-356, 1943 

16. Harlow, H. F., and Settlage, P. H.: Effect of Extirpation of Frontal Areas upon Learn 
ing Performance of Monkeys, A. Res. Nery. & Ment. Dis., Proc. (1947) 27:446-459, 1948. 

17. Malmo.*» Finan, J. L.: Delayed Response with Pre-Delay Reinforcement After Removal 
of the Frontal Lobes, Am. J. Psychol, 55: 202-214, 1942. Spaet, T., and Harlow, H. F.: Problem 
Solution by Monkeys Following Bilateral Removal of the Prefrontal Areas: I]. Delayed Reac- 
tion Problems Involving Use of the Matching from Sample Method, J. Exper. Psychol. 32:424 
434, 1943 

18. Harrower, M. R Changes in Figure-Ground Perception in Patients with Cortical 
Lesions, Brit. J, Psychol. 30:47-51, 1939. Yacorzynski, G. K., and Davis, L.: An Experimental 
Study of the Functions of the Frontal Lobes in Man, Psychosom. Med. 7:97-107, 1945. Hal- 
stead, W. ¢ Brain and Intelligence: A Quantitative Study of the Frontal Lobes, Chicago, 
University of Chicago Press, 1947. Kennard, M. A.: Alterations in Response to Visual Stimuli 


Following Lesions of Frontal Lobe in Monkeys, Arch. Neurol. & Psychiat. 41:1153-1165 (June) 
1939 
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Analysis of the lesions indicates that bilateral destruction of the tissue along 
the sulcus rectus, superiorly and inferiorly, produces the greatest deficit. This con- 
dition was fulfilled in all animals except 6 and 2. The lesion in Animal 6 spared 
the superior bank of the sulcus rectus and the cortex dorsad to the sulcus on the 
left side. Removal of tissue in Animal 2 was confined to the region above this 
sulcus. Comparison of the effects of lesion on these two animals suggests that the 
dorsal region is perhaps of greater importance than the ventrolateral. 

The importance of the frontal pole has been emphasized in the literature, but 
extent of damage to this area cannot account satisfactorily for the results. Degree 
of damage to the extreme frontal region in Animal 6 was similar to that in Animal 
5 and greater than in Animal 2, whose frontal pole was left intact; yet Animals 5 
and 2 showed greater behavioral alteration than did Animal 6. The single factor 
of mass of ablation of prefrontal cortex is also an unacceptable explanation. The 
predominantly ventrolateral removal in Animal 6, which produced no measurable 


disturbance on the tests, was at least as large as that in Animal 4, and certainly 


larger than that in Animal 5, both of whose lesions were midlateral. The lesion in 
\nimal 2 was comparable in extent to that in Animal 5; yet the sequelae were 
quantitatively dissimilar. It appears probable, however, that mass of tissue removed 
may explain the differences in severity of symptoms within the midlateral group. 

The conception of prefrontal organization which emerges from the present study 
is that of a unitary region, all or most parts of which are potent, although not 
equipotent. There appear to be unequal concentrations of function within the region, 
as indicated by quantitatively different effects of ablations in various regions on 
level of activity and acquired differential reactions. Removal of the posterior 
orbital gyrus is reported to be associated with hyperactivity of greater magnitude 
and rapidity of onset than that following ablation of other frontal areas.'® The 
experiments reported here implicate the midlateral part as focal for the production 
of disabilities in various learning problems, with the dorsolateral part second in 
importance and the ventrolateral part least concerned. The midlateral and dorso- 
lateral zones may be in part homologous to the “superior midfrontal zone,” which 
Penfield *° considers to be of prime significance in intellectual defect resulting from 
frontal-lobe removals in man. 

The reasons for the importance of this region remain to be considered. Although 
the frontal lobe receives an abundant radiation from nucleus medialis dorsalis, it 
is unlikely that this connection is basic to its role in the delayed-reaction problem, 
for Jacobsen and Walker *! have made direct lesions in this nucleus with no resultant 
loss of ability on the test. It is possible that the participation of this region in cir- 
cuits involving the parietal and temporal ‘associative’ areas ** is fundamental. 


19. Ruch, T. C., and Shenkin, H. A.: The Relation of Area 13 on the Orbital Surface of 
the Frontal Lobes to Hyperactivity and Hyperphagia in Monkeys, J. Neurophysiol. 6:349-360, 
1943. Livingston, R. B., and others: Stimulation and Regional Ablation of Orbital Surface of 
Frontal Lobe, A. Res. Nerv. & Ment. Dis., Proc. (1947) 27:405-420, 1948 

20. Penfield, W Bilateral Frontal Gyrectomy and Postoperative Intelligence, A. Res. Nerv 
& Ment. Dis., Proc. (1947) 27:519-534, 1948. 

21. Unpublished data, cited by Walker.!? 

22. Bailey, P.; von Bonin, G.; Davis, E. W.; Garol, H. W., and McCulloch, W. S.: 
Further Observations of Associational Pathways in the Brain of Macaca Mulatta, J. Neuropath 
& Exper. Neurol. 3:413-415, 1944. 
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These circuits are concerned with interregional, rather than intraregional, influ- 
ences, and it is reasonable to assume that their interruption might produce wide- 
spread cortical dysfunction. 

Projection of Nucleus Medialis Dorsalis—An examination of these cases con 
firms in general Walker's ** conclusion that the dorsoventral axis of the prefrontal 
cortex and that of nucleus medialis dorsalis correspond. It is clear that the antero 
posterior axis of nucleus medialis dorsalis does not represent the anteroposterior 
cortical axis, for lesions confined to the region about the arcuate sulcus give rise to 
degeneration which spares at least the posterior third of the nucleus (Experiment 
9°" and Experiment 5'*). In the present study, degeneration of the caudal part 
of the nucleus was unrelated to the posterior extent of cortical ablation. The second 
axis of differentiation in the nucleus is probably diagonal, extending from antero- 
lateral to posteromedial, and corresponds to a diagonal axis of the cortex from 
anteroventral to posterodorsal. A subsequent publication will consider these prob- 
lems in more detail in connection with a larger series of cases. 


SUMMARY 


Lesions of the dorsal, midlateral, and ventrolateral parts of the frontal granular 
cortex and a composite of these ablations were made in a series of monkeys 
(Macaca mulatta ). 

The subjects were tested on an auditory discriminative habit and on delayed 
reaction to auditory and to visual cues. 

The animals whose lesions were predominantly in the ventrolateral or dorsal 
region showed only comparatively slight deficits on the tests; those whose lesions 
involved the midlateral portion were seriously handicapped on all tests. Among 
the latter group, total mass of tissue removed appeared to influence severity of 
symptoms. 

Studies of thalamic degeneration were made, and the organization of the pro- 
jection of nucleus medialis dorsalis is discussed. 


23. (a) Walker, A. E The Primate Thalamus, Chicago, University of Chicago Press, 
1938; (b) footnote 12 


Abstracts from Current Literature 
Epirep By Dr. BerRNARD J. ALPERS 


Anatomy and Embryology 


THE PERIPHERAL NERVOUS SysTEM OF LAMPANYCTUS LEUcopsARUs. D. L. Ray, J. Morphol 
87:61 (July) 1950. 


This thorough investigation of the peripheral nervous system of the lantern fish, Lampanyctus 
leucopsarus, was undertaken with a twofold purpose: first, to demonstrate the innervation of 
the photophores in order to shed some light on whether their control is neural or hormonal, and, 
second, to describe the innervation of all the light organs which are of taxonomic importance 
in the lantern fishes. 

The complete nervous system is described in great detail and illustrated with 40 plates. The 
innervation of all the photophores is described. The light organs of the body constitute a linear 
series, most of which, even though they may be elevated, are innervated by the ventral ramus of 
the spinal nerve of the body segment on which they are located. A description of the sympathetic 


nervous system is also included. 
Rerp, New Brunswick, N. J 


Physiology and Biochemistry 


METRAZOL ACTIVATION OF ACETYLCHOLINE-TREATED CEREBRAL Cortex. F. M. Forster 
and L. Mapow, Am. J. Physiol. 161:426, 1950 


Forster and Madow applied acetylcholine locally to the cerebral cortex of experimental 
animals and then administered metrazol® (pentylenetetrazole U.S.P.) intravenously. Convulsive 
discharges appeared in the records from the acetylcholine-treated cortex before any spiking 
discharges were seen in control regions. By careful control of the administration of metrazol,® 
the convulsive activity could be limited to the area of application of acetylcholine. The authors 
conclude that the acetylcholine-treated cerebral cortex has a lower convulsive threshold for 


metrazol ® than the nontreated cortex Forster, Washington, D. C 


EXPERIMENTAL SENSORY-INDUCED SeEIzUREs. F. M. Forster and L. Mapow, Am. J. Physiol 
161: 430, 1950. 


Forster and Madow determined the auditory receptive area and somatosensory areas of the 
cerebral cortex of experimental animals. Acetylcholine was applied to these areas; metrazol® 
(pentylenetetrazole U.S.P.) was given parenterally, and the stimulus appropriate to the region was 
administered. Subconvulsive doses of metrazol® coupled with appropriate stimuli after applica 
tion of acetylcholine to the cerebral cortex resulted in electrical evidence of seizures and clinical 
convulsions. The seizure discharges began in the area treated with acetylcholine and could be 

driven to g a Forster, Washington, D. C. 
ROLE OF THE NERVOUS SYSTEM IN EXPERIMENTAL RENAL HYPERTENSION. W. G. Moss and 
G. E. WAKERLIN, Am. J. Physiol. 161 :435, 1950. 


Moss and Wakerlin studied the blood pressure levels in normotensive dogs and in dogs with 
experimental renal hypertension. They concluded that the role of the nervous system was the 
same in the two groups of dogs. This conclusion was based on the fact that similar changes 
in the blood pressures occurred in the two groups during surgical anesthesia. Drugs which 
blocked or reversed the pressor effect of epinephrine acted similarly in the two groups. Drugs 
which block sympathetic activity elevated the blood pressure in normotensive dogs and in dogs 
with renal hypertension, but decreased the pressure in dogs with neurogenic hypertension. The 
studies reveal an increased importance of the nervous system in maintaining the blood pressure 


level of dogs with neurogenic hypertension 
evel o 6 yl Forster, Washington, D. C. 
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THe Human Pyramipat Tract: XVIII. AN Awnatrysis or Its PATHOPHYSIOLOGICAL 
Status. A. M. Lassek, Brain 73:95, 1950. 


Lassek has attempted to correlate pathological findings and the function of the pyramidal tract 
in man on the basis of what has been reported in the literature during the past 100 years. The 
results indicate that paralysis of an enduring nature occurred in 57.5% of the cases without 
evidence of degeneration of the pyramidal tract. The type of pathological lesion and its chronicity 
are of importance; in the majority of instances, cerebral tumors do not cause secondary degener- 
ation in the motor bundle, although paralytic symptoms may be chronically present; cerebro- 
vascular lesions in general are more destructive to pyramidal neurons; in certain congenital cases 
in which there are malformations in cerebral development the pyramidal tract may be morpho- 
logically intact, although pronounced paralysis may be present. 


FRANKEL, Philadelphia. 


On THE RELATION OF POTASSIUM TO THE NEUROLOGICAL MANIFESTATIONS OF HyPocaL- 
ceMic Tetany. F. L. Encer, S. P. Martin, and H. Tayvor, Bull. Johns Hopkins Hosp. 
84:285 (April) 1949. 


Engel, Martin, and Taylor state that there are many factors in addition to the level of the 
serum calcium which are concerned with the actual precipitation of the neurological phenomena 
of tetany. The purpose of this report is to describe one more factor which enters into the 
problem of tetany. The authors describe their studies on two patients whose symptoms and 
signs of hypocalcemic tetany were masked by the simultaneous presence of hypokalemia. 

In these patients the ionized calcium of the serum remained relatively constant, fluctuations 
in signs and symptoms of tetany being correlated with spontaneous increases or decreases in 
serum potassium. In the presence of hypokalemia and hypocalcemia without tetany, severe 
tetany could be induced at will by elevation of the serum potassium by intravenous infusion of 
potassium chloride. Tetany so induced could be abolished by administration of calcium salts 
without changes in serum potassium, or it disappeared spontaneously when the serum potassium 
returned to its initial low level after infusion without changes in serum calcium. 

Phe electrocardiographic abnormalities noted were characteristic of hypokalemia and were 
abolished by the administration of potassium, but not by calcium. 

Engel, Martin, and Taylor stress the danger of too vigorous therapy with potassium in the 


wresence of hypocalcemia. 
presence of hypocalcemia GuttTMAN, Wilkes-Barre, Pa. 


PHOSPHATASE OF BRAIN Tissue. F. Binkiey and C. K. Oxson, J. Biol. Chem. 186:725, 1950. 


A phosphatase of brain tissue has been obtained in a purified condition. The enzyme was 
found to hydrolyze inorganic pyrophosphate and to remove the terminal phosphate of adenosine- 
triphosphate Ihe activity of the enzyme was dependent on the presence of magnesium ions 
Considerable activation of the enzyme was observed when glutathione was added together with 
the magnesium ions, but maximal activity was obtained only by preincubation of the enzyme 
with magnesium ions and glutathione. The results were examined in terms of the concept of a 
protein-metal-substrate complex, as suggested by Bauer and by Jenner and Kay, and certain 


bjections to tl oncep > notec 


Errects oF PH, BicARBONATE, AND COFACTORS ON THE METABOLISM OF BRAIN SUSPENSIONS. 
Marion K. BirMiInGHAM and K. A. C. Ettrortt, J. Biol. Chem. 189:73, 1951. 


Anaerobic glycolysis by brain suspensions shows a pH optimum at about 7.0 in the absence 
of added pyruvate. In the presence of added pyruvate the rate of glycolysis increases, with the 
pH rising to about 7.3 and remaining at least 7.9. The slight aerobic acid formation by brain 
suspensions decreases with decrease in the pH. At pH 6.6 it ceases, and there may be even 
slight disappearance of acid. Brain suspension contains an active diphosphopyridine nucleotidase, 
but no evidence could be obtained to indicate that destruction of diphosphopyridine nucleotide 
seriously limits glycolysis in the dilute suspensions used. It seems that in isotonic suspensions 
diphosphopyridine nucleotide is held in a form which is not susceptible to destruction by the 
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enzyme. Bicarbonate buffer, 0.02 M bicarbonate and 5% carbon dioxide, causes about 10% 
inhibition of the respiration of brain suspensions in a modified Ringer medium. Bicarbonate, 
0.04 M and 10% carbon dioxide, causes about 16% inhibition. Phosphate buffer causes an initial 
stimulation, about 20% with 0.03 M phosphate, which falls off with time. Apparent stimulation 
of respiration by the addition of small amounts of bicarbonate to a phosphate-buffered medium 
is due to an artifact. Anaerobic glycolysis by isotonic suspensions occurs at the same rate in 
bicarbonate-buffered or bicarbonate-phosphate-buffered media as in plain phosphate-buffered 
medium. However, increasing the carbon dioxide tension from 5 to 10%, while maintaining a 
constant pH by increasing the bicarbonate concentration, causes a very slight inhibition. 


Pace, Cleveland. 


Rove oF Etuyt ALCOHOL IN THE BIOLOGICAL SYNTHESIS OF CHOLESTEROL. G. L. CURRAN 
and D. RitrenBeERG, J. Biol. Chem. 190:17, 1951. 


The importance of acetic acid as a precursor in the synthesis of cholesterol by the animal 
body is well established; both carbon atoms participate. Whether acetic acid is utilized in itself 
or as some other 2-carbon compound remains unknown. Bloch and Rittenberg have shown that 
ethyl alcohol (CD;CH2OH) compares favorably with acetic acid as a precursor in cholesterol 
synthesis. There is evidence that an aldehyde is an active metabolite in sterol synthesis, and the 
dismutation of acetaldehyde is known to take place in liver homogenates. This raises the 
possibility that ethyl alcohol or acetaldehyde may be an intermediate in the utilization of acetate 
for cholesterol synthesis. Ethyl alcohol is not an immediate precursor in the biological synthesis 


of cholesterol. Pace, Cleveland. 


Errect OF HyPERINSULINISM ON BRAIN E, C. McGuee, E. PAPAGEORGE, 
W. L. BLoom, and G. T. Lewis, J. Biol. Chem. 190:127, 1951 


Massive doses of insulin were administered to 24 rabbits; 12 were given no further 
treatment, 6 were given 0.5 gm. of lecithin one hour after the insulin, and 6 were given sufficient 
glucose to maintain the blood sugar above a convulsive level in spite of the insulin dose. Twelve 
untreated rabbits served as controls. Analyses were made for glucose and lipide phosphorus of 
whole blood and for lipide phosphorus of whole brain. 

Lipide phosphorus of whole blood was not significantly affected by the administration of 
insulin. However, the insulin treatments produced a consistent and significant decrease in the 
brain lipide phosphorus of the order of 10%. The decrease was effected in about six hours and 
was not reversed by the administration of lecithin or glucose. 


Pace, Cleveland. 
FurtTHER Stupies oF GLutaAmic AcipD DECARBOXYLASE IN Brain. FE. Roperts and 
FRANKEL, J. Biol. Chem. 190:505, 1951. 


The presence of large amounts of y-aminobutyric acid and of a very active enzyme for the 
formation of this substance from glutamic acid suggests that the a-decarboxylation of glutamic 
acid may be a reaction of major importance in the metabolism of the central nervous system 
Similar levels of y-aminobutyric acid or of decarboxylase activity have not yet been found in 
any other tissues examined, although there is some evidence that, under certain conditions, small 
amounts of Y-aminobutyric acid may be formed. 

The pH optimum of brain glutamic acid decarboxylase was found to be between 6.4 and 6.5. 
The Michaelis-Menten constant was estimated to be 6.4 & 10-° mole per liter. L-Glutamic acid 
was the only naturally occurring amino acid attacked by the enzyme. p-Glutamic acid and 
a-ketoglutarate, as well as some of the other substances tested, were found to be inhibitory. 
Pyridoxal phosphate was highly specific as a coenzyme, pyridoxal, pyridoxine, 4-desoxypyri- 
doxine, 4-methoxymethylpyridoxine, and pyridoxamine being inactive in the system. Experiments 
with the glutamic acid decarboxylase of brain as a test system showed that synthesis of codecar- 
boxylase probably takes place when pyridoxal and adenosinetriphosphate are added to a homo 
genate of fresh brain in the presence of fluoride. Only very small amounts of carbon dioxide 


were liberated anaerobically from glutamic acid by homogenates of muscle, liver, and kidney 


under the same conditions in which brain homogenate exhibited its maximal activity. 


Pace, Cleveland. 
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Sruptes oN Pain: AN INVESTIGATION OF SOME QUANTITATIVE ASPECTS OF THE DoL SCALE 


oF Pain Intensity. J. D. Harpy, H. G. Wo rr, and H. Goopett, J. Clin. Invest. 27: 380 
(May) 1948 


Using a three-second exposure of the skin to thermal radiation as a painful stimulus, the 


authors made measurements of the stimulus intensities which evoked painful sensations. Three 


series of experiments were performed, in the first of which three experienced observers reported 
the relative intensities of pain in terms of fractions of an 8-dol pain. In the second series of 
experiments 70 medical students were similarly studied. In a third series of experiments the 
effects of fatigue and minor mood changes upon discriminations of relative intensity of pain 
were studied 

Ihe authors determined that the scale of painfulness based on estimations of pain intensity 
as fractions of a known pain coincides with the scale based on the summing of just noticeable 
differences in pain sensation. The dol as a unit of painfulness can then be defined as the sum 
of two “jnd’s” (just noticeable differences) in pain sensation, or as approximately one-tenth 
the intensity of ceiling pain. The accuracy of estimating pain intensity was limited by the ability 
f the subject to discriminate differences in pain intensity. The limit 


was +0.5 dol; the 
spread of reports about a mean value was +1 dol. 


Experience in reporting pain intensities, 
moderate fatigue, and day-to-day variations in mood were not associated with an appreciable 
hange in the ability to estimate pain intensity. The authors conclude that the dol scale provides 
a satisfactory basis for estimating pain intensity in the following respects: It provides a numer- 
ical scale of sensory steps all of which are equal, even though the differences in stimuli corre- 
sponding to these steps are not equal. The clinician’s interpretations of the patient's estimates of 
pain in terms of “mild,” “moderate,” “severe,” and “extreme” represent fairly reproducible 

The dol scale is based on a type of stimulus which 
gives reproducible results in terms of threshold measurements and affords a basis for comparison 
#t other methods of measuring pain intensity, provided these have been made in terms of a 
reproducible pain 


divisions of the intensity scale of pain. 


Donan, Philadelphia. 


DistTRIBUTION OF PHospHOoRUs 2? IN Earty CutcK EmBryos. ERNEST 


L. Hunt and 
Jerome J. Wovken, J. Exper. Zool. 109:109 (Oct.) 1948. 


Che whites of 302 hen’s eggs were injected with P*? at 0, 24, and 48 hours of incubation. The 
embryos were removed about 24 hours after injection and autoradiographs made on No-Screen 
X-ray Safety Film. Observations on the 72 radiographs used in this study indicated that phos- 
phorus was distributed in certain patterns. 


Chere was usually a striking concentration in rapidly developing and differentiating organs, 
which appeared at the time that, or very shortly after, these organs started to develop. 


\n anteroposterior gradient appeared at about the 20-hour stage and remained until the 


4)-hour stage. A maximum concentration of phosphorus occurred first in the ridges of the primi- 


tive streak and was followed by a maximum in the head fold, then in the brain, and, finally, in 
the optic and auditory vesicles. 


\ secondary center of phosphorus distribution occurred in the posterior regions of the embryo 
vhen tail bud development started. In later stages there was a less pronounced mesiolateral 
gradient 


rhese patterns of phosphorus distribution can be correlated with the results of other workers 
m phosphatase distribution, oxygen uptake, and metabolic activity. They parallel to a large 
xtent the distribution of coppe é ‘ 

Rerp, New Brunswick, N. J. 


SOME OBSERVATIONS ON Patients BasED UPON ROUTINE NEUROLOGIC 
I-XAMINATIONS. AuGustus S. Rose, J. Nerv. & Ment. Dis. 109:201 (March) 1949. 


Rose reports the results of neurologic examinations of approximately 100 patients on whom 
1 trephine lobotomy had been performed. At first there is generalized flaccidity with reduced 
muscle tone, which becomes normal in 6 to 10 days. 


There is an overreaction to superficial, but 
not 


o deep pain, which persists and is noticed clinically in the patient's objections to intravenous 
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or intramuscular injections and to being shaved with a dull razor. During the first postoperative 
week all patients have spontaneous reflex emptying of the bladder, which persists from 10 days 
to a long time. The duration of wetting appears to depend on retraining efforts, return toward 


mental normality, and many psychologic factors 


There are a short attention span and a poverty of mental activity and of spontaneous move- 


ment, during which the patient does not reveal interest or recognition. Regardless of the degree 
| 


of this lethargic status, the patient may be promptly aroused to momentary alertness and physical 


activity by application of a pin point to the sole. This state usually changes to a more nearly 
normal one of interest and reaction to the environment in 2 to 14 days 

rhe electroencephalographic tracings at first show diffuse irregular, high voltage, slow wave 
patterns, which return approximately to the preoperative normal. 

The spinal fluid pressure may rise to 400 mm. of water, and the total protein to 300 mg 
per 100 cc., and the latter may not return to normal for one month. Clinical examinations 
revealed no evidence of interruption of pathways for volitional movement, coordination of move- 
ments, Or sensory perception. 

The author concludes that lobotomy interrupts nerve pathways involved in the function of 


control of some basic reflex patterns . 


THE ANTICONVULSIVE ACTION OF HISTAMINE AND OF OTHER VASODILATING DRUGS ON 
EXPERIMENTAL CONVULSIONS IN Man. F, Kajtor, J. Nerv. Ment. & Dis. 112:511 
(Dec.) 1950. 


To determine the effect of vasodilating drugs on seizures, patients received intravenous 
injections of histamine, acetylcholine bromide, carbachol U.S.P., and nicotinic acid prior to 
injection of convulsive doses of pentylenetetrazole U.S.P. (metrazol®) and induction of seizures 
by electric stimuli. Effects of inhalation of amyl nitrite and ingestion of glyceryl trinitrate were 
similarly studied. The anticonvulsant action of histamine against metrazol ® was in proportion to 


the amount of histamine given, but 2 mg. was 100% effective in inhibiting seizures. This was 


evident for 25 to 40 seconds after the injection of histamine, when the fall of blood pressure 
was greatest Acetylcholine inhibited seizures, but to a less degree than histamine and more 
than amyl nitrite. Carbachol U.S.P. only prolonged the preconvulsive period of the seizures. 
Epinephrine and ergotamine tartrate given with histamine did not alter the anticonvulsant action 
of the latter. Glyceryl trinitrate and nicotinic acid were ineffective in preventing seizures 
Histamine did prevent electrically induced seizures. The author states that » intense 
cerebral vasodilatation did not correlate directly with the seizures, the effect produced in 


inhibiting seizures is related to action on the nerve cells. > . 
BERLIN, Chicago. 


AN OBSERVATION ON THE EFFECT OF STRYCHNINE ON LocAL CortTICcAL PoTeENTIALs. C. 
Hs1anG-Tuna, J. Neurophysiol. 14:23 (Jan.) 1951. 


Strychnine, a powerful convulsant, has been widely used in experimental physiology as a 
useful instrument in the analysis of electrical activities in the central nervous system. In spite 
of its wide application in clinical and experimental studies, the mechanism underlying the con- 
vulsive action of this drug remains obscure 


In the course of a study on the potential changes in the isocortex in response to a single 
electric shock applied to the cortical surface, it was found that the local cortical potential could 
be modified in a characteristic manner by superficial application of strychnine to the cortex. 

The pattern of the local cortical potential could be modified by superficial application of 
strychnine to the cerebral cortex, so that both the size and the promptness of onset of the second 
component were enhanced without significantly affecting the first component. When the action 
of strychnine was fully developed, the two components became fused into a single wave, which, 
however, could be dissociated again into two temporally separated waves by reducing the 
stimulus strength. It is suggested that the effect of strychnine is probably to accelerate the 
process of impulse initiation of individual neurons in the central nervous system, so as to increase 
the efficiency of summation and to increase the chance of synchronization. 


Avpers, Philadelphia. 


M 1, ARCHIVES OF NEUROLOG) IND PSYCHIATRY 


FUNCTION OF MEDULLATED SMALL-NERVE FiBpers IN MAMMALIAN VENTRAL Roots 
EFFERENT MuscLe SPINDLE INNERVATION. S. W. Kurrier, C. C. Hunt and J. P 
Quitiiam, J. Neurophysiol. 14:29 (Jan.) 1951. 


Medullated fibers of varying diameters pass from the ventral roots to vertebrate skeletal 
muscle. In mammals such as the cat, about one-third of this innervation to muscle may consist 
of nerve fibers of small diameter (3 to 8 4). This paper is concerned with the function of such 
fibers in the cat. The lumbosacral ventral-root outflow in the cat contains about 30% myelinated 


nerve fibers of 3 to 8 w» diameter The function of these fibers was investigated in several 
muscles, in particular the soleus and tenuissimus 


Nerve fibers of varying diameters were isolated and stimulated in the ventral roots. It was 
found that fibers of small diameter, conducting at 15 to 55 meters per second, did not cause a 
detectable muscle contraction or set up propagated muscle impulses in ordinary muscle fibers. 
Fibers conducting at a faster rate always caused the well-known motor unit twitch response 
accompanied with propagated muscle impulses 

Small-nerve stimulation caused small potential changes, which could be detected in thin 
tenuissimus muscles. It is concluded that these potentials originate in the intrafusal muscle 
fibers of spindles. Small nerve fibers tend to divide and innervate several muscle spindles. 

Small-nerve stimulation increases the existing afferent discharge rate of stretch receptors or 
causes discharge in receptors which are “quiescent.” One can best detect these effects by 
recording discharges in the dorsal roots from single spindle afferent fibers while stimulating 
single efferent small nerve fibers. 

Che effectiveness of small-nerve stimulation is greatly modified by various degrees of muscle 
stretch, being increased by high muscle tensions and decreased by lower tensions. The effect 
of variations in tension on the receptor discharge can be compensated for over a wide range 
by altering the number and/or frequency of small-nerve stimuli. 

Che excitatory effect of small-nerve stimulation on the spindle discharge shows a phenomenon 
of facilitation; the number of afferent discharges increases progressively during continued 
stimulation until a steady discharge rate is established. At a given muscle tension, the facilita- 
tion period is shorter with higher frequencies of stimulation, and the maximal spindle discharge 
rate is also higher. 

Ihe discharge rates of some spindle receptors, after a period of facilitation, can become 
identical with the frequency of small-nerve stimulation. This “driving” effect, like all spindle 
discharge patterns, is influenced by muscle tension; it can be duplicated by applying mechanical 
oscillations to the tendon or muscle. 

Small-nerve stimulation is followed by fluctuations in excitability, as indicated by the spindle 
discharge. It is thought that the period of depression originates mainly in the sensory nerve 
terminals 

All the evidence indicates that small-nerve excitation acts by causing contractile changes 
in the intrafusal muscle fibers, which then excite the sensory endings by stretch-deformation 
efiects 

rhe possible role of small-nerve activity in reflex function is briefly discussed. This efferent 
system appears well suited to act as a peripheral regulator of the proprioceptive spindle 


mechanism. AvpeErs, Philadelphia. 


Tue MECHANISM OF SKULL Fracture. E. S. Gurpjian, JoHN E. Wesster, and H. R. 
LessneR, J. Neurosurg. 2:106 (March) 1950. 

The authors used “stress-coat” studies to delineate deformation patterns of the skull following 
impact. It was found that the production of a depressed or linear fracture depended mainly on 
the velocity and energy of the injuring object and, to a less extent, on its shape and size. 

The “stress-coat” method utilizes a strain-sensitive lacquer that will crack under tension 
stresses. The inner and outer tables of the skull were coated with lacquer; cracks appearing 
on the outer surface result from outbending of the skull, and those appearing on the inner 
table, from inbending. In this manner, accurate deformation patterns were obtained. It was 
shown that after impact there was always an area of inbending at the point of the blow. With 
an adequate amount of velocity and energy the area of inbending may fail, resulting in a depressed 
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fracture at the site of the blow. If the 


energy is not sufficient to cause 
the skull rebounds 


a depressed fracture, 
Peripheral to these areas of inbending 


are discrete areas of outhending; 
this outbending may be severe enough to produce tearing-apart forces, resulting in a linear 
fracture. The fracture then extends both toward the point of impact and away from it, along 
lines of greatest tensile stress in areas where outbending occurred. The authors have con- 
clusively proved that tearing-apart forces due to an impact are produced by bending of the 
bone, and not by direct stress Tozer, Topeka, Kan. 


Diseases of the Spinal Cord 


IDEMIC POLIOMYELITIS: REVIEW OF 526 Cases. M. LENARSKY, R Parr, and H. E 
Seanor, A. M. A. Am. J. Dis. Child. 82:160 (Aug.) 1951. 


Lenarsky and his colleagues 


discuss the significant clinical and pathologic findings in 526 


cases of poliomyelitis occurring in the latter half of 1949 in New York. There were 141 (26.8%) 
nonparalytic and 385 (73.2% 


©) paralytic cases. Bulbar involvement occurred in 126 cases (23.9%). 
There were 40 deaths; 39 were of patients with bulbar 


involvement. Complete vascular 
collapse resulting from failure 


of the vasomotor center accounted for 33 deaths (82.5%). The 
availability of the respirator for respiratory difficulty due to peripheral or central failure and the 
use of central stimulation for the latter minimized fatality from these causes 

Vomiting of coffee-ground material, considered an unfavorable prognostic sign, occurred in 


16 patients with bulbar poliomyelitis, 11 of whom died. The pathologic features demonstrated 


in the stomachs at autopsy were edema and intense congestion of the capillary bed, perivascular 
extravasation of blood, and focal erosion of gastric mucosa, with evidence of blood in the gastric 
cavity. Congestion of Peyer’s patches of the ileum was frequently found. The authors discuss 
the various hypotheses suggested as causes of the gastrointestinal lesions in poliomyelitis. 
Muscular pain was not a predominating feature in this series. Drugs for the relief of pain 
and muscular tightness did not prove effective. The response to hot packs was satisfactory. 
The possibility that lesions of poliomyelitis may be on the basis of an allergic reaction led 


to the treatment of a group of 10 patients with prophenpyridamine (“trimeton”) maleate. No 


therapeutic value seemed to result. Aureomycin in large doses was given to 38 control patients 


with nonparalytic poliomyelitis, without effect on the clinical course of the disease 


An automatic 
refrigerating unit was used in 18 cases, and the 


impression gained was that the apparatus 
produced an antipyretic effect but did not alter the course of the disease 


rhe patients with bulbar involvement were treated by postural drainage, pharyngeal suction, 
parenteral feeding, oxygen by nasal catheter, and prevention of pulmonic emboli by changes of 


position and use of antibiotics. Tracheotomy was performed on six patients when other treatment 


failed to maintain an adequate airway, but all six died. 
There were 26 patients with encephalitic involvement. These patients showed varying degrees 
of disorientation, confusion, drowsiness, and coma. 
Involvement of the vital centers in poliomyelitis are serious and are responsible for almost all 


the deaths from this disease. In this series two drugs were used as central stimulants, with 


success in some instances. Caffeine and sodium 


benzoate U. S. P. was used for central 
respiratory d 


epression, and phenylephrine (neo-synephrine®) hydrochloride, 1%, for failure of 
the vasomotor center 


The respirator had its prime use in the respiratory difficulty due to involvement of the muscles 
of respiration, the intercostal muscles, and the diaphragm, and treatment was most successful in 
Patients were placed in the respirator before exhaustion ensued. 
dependence on the 


such cases To avoid over- 
respirator, weaning was started early, even the first day when possible. 
The respirator is not so effective when there is bulbar involvement, although with severe 
central respiratory depression it can be of help. 

Transportation of the acutely ill poliomyelitis patient over long distances (“transportation 
fatigue”) may contribute to the severity of involvement and to the mortality rate. In this series 


of cases 15 of the 40 deaths occurred within 24 hours after hospital admission; 9 of the patients 
were transported from considerable distances. 


AvpeErs, Philadelphia. 
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A SynpRoME IN Acute Cervical Spine INyuRIES FOR Earty Operation Is 
\1 R. C. Scunerper, J. Neurosurg. 8:360 (July) 1951 


Schneider reports two cases of acute cervical-spine injury with a syndrome consisting of 
immediate complete paralysis with hypesthesia at the level of the lesion, but with preservation 
of touch sense and the retention of vibration sense. A ruptured nucleus pulposus was diagnosed 
preoperatively in both cases and found at operation, although this was in conjunction with a 
compression fracture of the cervical body in the second case 

Ihe mechanical-stress concept, first described by Kahn in his presentation of the role of 
the dentate ligaments in chronic compression of the anterior portion of the cord, is the basis on 


vhich it is believed the symptoms in these two cases may be explained. 

rhe first patient was not operated on until the 11th day after injury. It is the author's belief 
that if this patient had been operated on sooner, his convalescence and recovery would perhaps 
have been more rapid and complete. Because of this experience with the first patient, the second 
vas operated on as an emergency. The latter had a more rapid recovery. 

While the treatment of cervical-spine injuries with involvement of the cord is controversial, 
Schneider believes that an injury to the cervical portion of the cord ought to be regarded as an 
acute surgical emergency. The patient should be examined early, and if proper indications are 
present he should be operated on immediately. The cord does not tolerate acute compression for 
any length of time, because edema, anoxia, and irreversible changes soon occur. The author 
reviews indications for early operation in cases of cervical-cord injuries, and the acute dentate- 


ligament syndrome, here described, is included as an additional criterion for early operative 


Avpers, Philadelphia. 


COMPRESSION OF SPINAL CorbD By ANEURYSM OF DESCENDING THoractc Aorta, C. 
pe Luccia, J. Zacwis, and R. Araujo, Arq. neuro-psiquiat. 9:85 (March) 1951. 


hite man aged 54 was admitted to the hospital complaining of numbness and weakness of 
extremities of about four months’ duration; there was also some difficulty with urina 
ars previously and of treatment for aortitis. There were no 

referable to t ardiv ular system on his admission. Neurological examination 
istic paresis with <¢ lateral Babinski sign and a sensory level at the eighth thoracic 
rological reactions « ood j ial fluid were negative There were 6 cells 
spinal fluid, of which 76% were lymphocytes; a total protein content of 

a positive Pandy reaction. Manometric examination showed partial 

toppage of iodized oil between the third and fourth thoracic level. X-ray exami 


aneurysm of the thoracic aorta, with partial calcification. Erosion of the dorsal 


SAviTsKy, New York 


IOMYELITIS AFTER TONSILLECTOMY AND TRAUMA, ’, Gaustap, Nord. med. 38:877 

\pril 30) 1948. 
1 reports two typical cases of poliomyelitis after tonsillectomy, with onset 9 and 
after the intervention The first case was marked at the start by 


ialitic symptoms, followed by spinal symptoms; the early signs of transient changes in 


er are ascribed to the encephalitic component in the process. In the second fatal case in 


nly the right tonsil was removed, bulbar symptoms predominated. There was facial 
paralysis on right side, suggesting the possibility of a causal relationship between the 
tonsillectomy < he ipsilateral paralysis. Mention is made of three additional cases of polio- 
myelitis following tonsillectomy, in one case with one day, in two cases with 42 and 60 days, 
respectively, between the operation and the outbreak of the disease. In a case in which poliomye- 
litis set in seven weeks after appendectomy, muscles situated near the site of the operation were 
paralyzed, especially the right psoas muscle. <A lesion to the left of the chin due to trauma may 
have been the portal of entry for the poliomyelitis virus in the last case, in which the localization 
of the trauma agreed with the later massive facial paralysis 
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ARACHNITIS (CHRONIC LEPTOMENINGITIS): Review. M. Foc and P. TuyGesen, Ugesk 
leger 112:243, 1950. 


Fog and Thygesen define arachnitis as an inflammatory-like process of varying extent and 
intensity, which can occur after different noxae—chemical, mechanical, traumatic, and possibly 
infectious—or from unknown cat The primary and dominating tissue changes are in the soft 
membranes of the brain but may also be present in the nerve roots, cerebrum, and spinal cord 
Clinically, intracranial and intraspinal arachnitis should be differentiated; in rare cases they may 
be combined. Both are oftenest diffuse. In general, the older the process and the greater the 
extent to which it has involved the parenchyma, the graver the prognosis, but subjective recovery 
occurs spontaneously in many mild cases. The cutlook is favorable in cases in which adhesions 
and solitary cysts are successfully removed by operation, especially in cases of short duration. 
Arachnitis is primarily diagnosed by the close relation of the leptomeninges to the nerve roots 
and the hyma of the central nervous system. The unaffected general condition, particu 
larly the fluctuations of cryptogenic aggravations alternating with unexplained remissions in an 
otherwise chroni , are characteristic. Polyradiculitis, (radiculo) meningoencephalitis, 


myelitis, and ¢ nalitis ar be considered in the differential diagnosis J. A.M.A 


Peripheral and Cranial Nerves 


TONSILLECTOMY IN EXPERIMENTAL POLIOMYELITIS. H. VON MAGNUs : a MELNICK, 
Am. J. Hyg. 48:113 (July) 1948. 


Von Magnus and Melnick demonstrated that after tonsillectomy Cynomolgus monkeys are 
more susceptible to infection after being fed poliomyelitis virus than rhesus monkeys and African 
green monkeys. The incidence of poliomyelitis in tonsillectomized Cynomolgus monkeys 
increased to 93% (13 infected of 14 fed the virus) from a control level of 13 % (2 of 15) for the 
nontonsillectomized Cynomolgus group. The incidence of 8% in the other tonsillectomized 
species was no different from the incidence of 8% in nontonsillectomized controls of these species 
Two of three Cynomolgus monkeys which contracted poliomyelitis were found to excrete virus 
with their stools the day before paralysis. Five nonparalyzed monkeys did not excrete virus in 
the four-week observation period. Of 14 tonsillectomized monkeys which subsequently had polio- 
myelitis, only 2 had the bulbar form of the disease. Two other monkeys exhibited facial paraly- 


sis, together with paralysis of the limbs. J. A. M. A. 


POLYNEURITIS: COMPLETE PHARYNGEAL AND RESPIRATORY PARALYSIS WITH RECOVERY 
L. R. Wess Jr., Arch. Int. Med. 86:574 (Oct.) 1950 


\mong the neurologic disorders classified as “polyneuritis” are those falling into a rather 


large group which is most commonly referred to as the Guillain-Barré syndrome \s a group 
they are distinguished by their involvement of the peripheral nerves and their excellent prognosis 


} } 


he distinguishing features of t 


n 


While recovery is one of t e disease, numerous fatalities have been 


reported. In a survey of 25 deaths reported in the literature, 23 were due to involvement of the 
muscles of respiration. Despite the serious implications of respiratory paralysis, the degree to 
which it may occur and yet be followed by recovery is astonishing. The case here reported 
is an example. 

The patient, a man aged 50, had had a mild sore throat one week before hospitalization 
Polyneuritis developed, with respiratory paralysis of two weeks’ duration and pharyngeal 
paralysis of six days’ duration, followed by recovery. Webb points out that the early use of the 
mechanical respirator, tracheotomy, and heavy sedation during the acute phase were valuable 


aids in management 
ALPERS, Philadelphia. 


Sire oF Lesion 1N PARALysis OF TWELFTH AND/OR SEVENTH CRANIAL NERVE. K 
Tscuiassny, Arch. Otolaryng. 51:739 (May) 1950. 
Interesting observations in a case of bilateral complete paralysis of the tongue (panglosso 


plegia) were the occasion for these studies. A white woman aged 57 was referred to the hospital 


15 
because of inability to chew, to swallow, or, particularly, to talk in an understandable manner 


CO 
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rhe diagnosis offered by the neurological service was progressive bulbar paralysis, probably 


related to amyotrophic lateral sclerosis. The condition of the facial musculature was regarded 
as indicative of slight weakness of the facial nerve of the upper motor neuron type. 

In this case of complete panglossoplegia, paralysis of the orbicularis muscle and persistence 
of some voluntary forward movement of the tongue presented two problems. The former is 
explained, according to Bing, by the fact that the nerve fibers responsible for the motor supply of 
this muscle originate mainly in the nucleus of the 12th nerve. On the basis of this anatomic 
peculiarity, paralysis of the orbicularis oris muscle associated with paralysis of the 12th nerve 
represents a sign indicative of nuclear location of the lesion of the hypoglossal nerve. It is 
assumed, on the same basis, that in cases of facial paralysis the selectively preserved action of this 
muscle can be of topognostic value in differentiating nuclear and supranuclear lesions, on the 
one hand, and infranuclear lesions, on the other. In peripheral lesions of the facial nerve it may 
be particularly useful in topognosis of the nuclear versus the infracordal locations of the lesion. 

Ihe second problem is presented by the presence of some restricted forward movements of 
the tongue. These movements are explained and proved to be caused passively by the action 
of the geniohyoid muscles, which are not supplied by the 12th cranial nerve. For this purpose, 
a special roentgenologic technique, the “superimposed double exposure,” was adapted. The move- 
ment of the hyoid bone caused by the attempt to move the tongue was demonstrated objectively 
hese movements of the tongue can therefore be regarded as passive. Their presence does not 
contradict the diagnosis of complete paralysis of the 12th nerve, but their absence may well be of 
topognostic value in differentiating extracranial lesions from intracranial lesions in the instance 
of panglossoplegia Avpers, Philadelphia. 
NEUROFIBROSARCOMA OF THE FactaL NERVE INVOLVING THE TyMPANO-MaAstTorp. M. R 
GuTTMAN and M. A. Simon, A. M. A. Arch. Otolaryng. 54:162 (Aug.) 1951. 


Neurinoma and neurofibrosarcoma, the one a benign and the other a malignant growth, of 
the intratemporal portion of the facial nerve constitute a rare and infrequent cause of facial 
paralysis. They present a clinical picture that is clear and easily distinguished from that of 
ther types of facial paralysis of the peripheral type, since they are not attended by pain, head- 
ache, or disturbances of equilibrium. They produce deafness, granulations in the canal, and 
itorrhea late in the course of the disease. The deafness is of the conductive type. Prognosis 
is good for life expectancy and poor for recovery from the facial paralysis 

Guttmann and Simon report a case of neurofibrosarcoma in which the patient came to oper- 
ation at the age of 43, symptoms having been present for almost 10 years. In addition to the 
ase reported, there was microscopic evidence of malignancy in only one case in a total of 18 cases 
recorded in the literature. In spite of the difference in the histologic picture, the clinical course 


in these two cases showed only insignificant variation from that of the other 16 cases 


Philadelphia 


Muctipte Neuritis AND HypotHyrorpismM. Frep P. Currier and J. Russert Brink, 
Dis. Nerv. System 9:144 (May) 1948. 


Currier and Brink report two cases of peripheral neuropathy, in both of which the neuritis 
was Closely associated with metabolic changes. The first patient was a woman, aged 40, whose 
illness resembled pernicious anemia with typical neurologic symptoms. However, free hydro- 
chloric acid was found in her gastric contents, and there was no response to treatment with liver 
and vitamin B complex. The basal metabolic rate was —27%, but the blood cholesterol was only 
80 mg. per 100 cc. It is not known whether this chemical paradox had any relation to the 
development of the neuropathy. The second patient was also a woman, age not stated, who 
presented a problem of acute multiple motor neuritis, hypervitaminosis A, low glucose tolerance, 
and a basal metabolic rate of —8% after being on thyroid medication for a year. Her blood 
cholesterol was 150 mg. per 100 cc. It is of interest to speculate whether there was any antago- 
nistic relation between the carotinemia and the thyroid metabolism, causing a secondary neurop- 
athy, or whether disordered liver metabolism may have played a causative role. Both patients 
have improved, subjectively and objectively, on prolonged thyroid medication. 


3EATON, Tucson, Ariz. 
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INFECTIVITY OF NEURAL Leprosy. A. R. Davison, Internat. J. Leprosy 17:247 (July-Sept.) 
1949, 


Davison says that most countries in which leprosy legislation has been found necessary have 
divided their control measures into two sections: that concerned with open, or bacillus-discharg- 
ing, patients, and that concerned with closed, or bacillus-negative, patients. All cases of lepro- 
matous leprosy fall in the first group, and most cases of neural leprosy in the second. Although 
it has been demonstrated that neural leprosy is much less infective than lepromatous leprosy, the 
author warns that this should not be interpreted that neural leprosy offers no pub'c health 
problem. He refutes this argument on the following grounds: 1. Neural leprosy is caused 
by Mycobacterium leprae in the skin, as well as in the nerves. 2. Patients with neural leprosy 
sometimes discharge Myco. leprae. 3. Patients with neural leprosy have infected others. 4. 
Endemic leprosy can become epidemic. He cites corroborating evidence for these points and 
analyzes data on 157 patients with neural leprosy admitted in 1940 to the Westfort Institution, in 
Pretoria, Union of South Africa. Since no less than 38 of these 157 patients with neural leprosy 
have shown bacillus-positive smears, it appears that a great many more would have become 
dangerous to the public health if they had not been segregated and treated. Twenty-two of these 
38 patients with neural infections had become lepromatous. To prove that endemic leprosy can 
assume epidemic proportions, the author cites the case of the island of Nauru. In 1920 there 
were three known cases in a population of about 2,600; in that year there was an influenza 
epidemic ; four years later 30% of the population showed signs of leprosy. i: hae 


PaRALysIs CAUSED BY PENICILLIN INJECTION: MECHANISM OF COMPLICATION—A WARNING 


J. M. Tarvov, J. Per-mutrer and A. J. BERMAN, J. Neuropath. & Exper. Neurol. 10:158 
(April) 1951. 


While peripheral neuritis as a complication of the intramuscular injection of penicillin appears 
to be uncommon, cases of its occurrence have been reported. The present work is an experi- 
mental attempt to elucidate the probable mechanism responsible for this complication. In the 
experiments the rabbit sciatic nerve was used. Tarlov and his co-workers found that the neuritis 
is attributable to the introduction of the material directly into the parenchyma of the nerve. The 
resultant inflammatory reactions are much more intense with oily than with soluble solutions 
of penicillin. Streptomycin injections produced similar reactions. The intense and persistent 
neuritis, accompanied with severe interruption of nerve function, does not result from the injection 
of penicillin around the nerve or into its epineurial sheath, or from hemorrhage into or around 
the sciatic nerve. The nerve sheaths appear strongly to resist the inflammatory reactions and 
thus to protect the nerve fibers 

After th 


» injection of penicillin into a nerve, a latent interval, varying from 8 to 17 days, 


sometimes elapsed before severe impairment of nerve function (loss of spread reflex in the rabbit) 
| 


occurred. 7 


lis delayed impairment is the experimental counterpart of the similarly delayed 
onset of symptoms referable to neuritis in human cases, in which neuritis was probably due to 
progressive inflammatory and fibrotic changes. 

The authors point out that when one is administering penicillin or any other form of intra- 
muscular therapy, it is imperative to make one’s injections remote from the site of any of the 
large nerve trunks. The chosen site for intragluteal injections should be the upper outer 
quadrant. In view of the danger of pulmonary embolism, it is important also to guard against 
the intravenous injection of the oily suspension of penicillin. Repeated aspiration of the material 


should be attempted during the injection 


Philadelphia. 


ADVANCE OF FUNCTIONAL RECOVERY AFTER RADIAL NERVE LESIONS IN MAN 
BowpeN and D. A. SHott, Brain 73:251 (June) 1950 


Bowden and Sholl studied 31 patients in whom there was injury of the radial nerve; all the 
patients showed signs of recovery in all the muscles normally supplied by the nerve. Using 
Sunderland's anatomical data, the distances between the suture or lesion and the muscles supplied 
by the radial nerve were calculated and plotted against the respective times taken for recovery 
The process of advance of appearance of recovery of function could be fitted by a curve repre 


sented by the formula y = a+ b log t; hence, the rate of advance of recovery from muscle to 
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muscle is at first high and the The advance of appearance of voluntary activity was 
continuity in which 
ultimately made The level of the lesion affects the distance that recovers in a given time, its 
effects increasing with the time after suture or injury 


most rapid in those cases of lesions in a complete motor recovery was 


FRANKEL, Philadelphia. 


SYMPATHETIC PaRAtysis. J. DoNALDSON CraiG and R. C. Futter, Brit. M. J. 
1:1182 (June 19) 1948. 

and Fuller call attention to the f: the description of the effects of unilateral 

of the cervical sympathetic chain (Horner's syndrome) usually given in standard text- 

wot Only inaccurate and incomplete but differs from that published in 1869 by Horner 

syndrome is usually considered to consist of ptosis, enophthalmos, pupillary con 

inhidrosis of the m the affected side. Craig and Fuller state that the true 

e is fairly f the lesion. Myosis occurs constantly 

r cervical ganglion than in those arising more 

iophthalmos is an optical illusion arising from narrowing of the palpe- 

is been shown that sympathetic paralysis produces no immediate enophthalmos 

ong-standing cases there is only a slight degree of recession 


Hypotonia, depigmentation 
Catarat 


t may occur. Anhidrosis is confined to one side of the 


face. Vascular 
n the exter tl 


e paralysis, the rapidity of onset, and the presence of other 
me degree hemiatrophy may occur in establishing cases 


EcHuots, New Orleans 


SixTH-NERVE Patsy AFTER LUMBAR PUNCTURE AND SPINAL ANALGESIA. 


R. Bryce-SMIitH 
%. R. MacInrosu, Brit. M. J. 1:275 (Feb. 10) 1951. 
Bryce-Smith and MacIntosh report two cases of paralysis of the sixth nerve, following lumbar 

in one and spinal analgesia in the other. In both cases a large-bore needle was used 


rapid loss of considerable cerebrospinal fluid. Paralysis of the external rectus 
the eye opposite the side on which the patient was lying. 
authors are of the opinion that paralysis of the sixth nerve following spinal analgesia 
occurs oftener than the highest incidence reported (1%) would indicate. The paralysis 
3 to 21 days after the spinal analgesia and is usually preceded by complaints 
, and perhaps dizziness, nausea, stiff neck, photophobia, and diplopia. Three 
paralysis are considered: (1) mechanical, (2) toxic, and (3) 


Ecuots, New Orleans. 


RALYSES FOLLOWING ImMMuUNISING INJECTIONS. Guy BousFiELp, Lancet 1:1028-1032 
(May 12) 1951. 
Bousfield reports that poliomyelitis seems to occur much less often in the first months of life 
n in the next few years of childhood 


oportional 


\s the risk of postinjection poliomyelitis is probably 
the liability to contraction of the disease, he suggests that immunization against 


diphtheria should be undertaken at about the age of 2 to 5 months. He shows that infants can 


be immunized successfully at this age and that in the great majority the immunity holds good 


some 18 months to 2 years later. Active immunity was obtained in 98.9% 


infants by the sixth or seventh month of life. 


of Schick-positive 

He found that the diphtheria prophylactics are 

best given subcutaneously, < e believes the intramuscular route should be avoided. 
Ecnots, New Orleans. 


GLOSSOPHARYNGEAL NEURALGIA 
MycIN. J. C. Rey and | 


AND TUBERCULOUS LARYNGITIS: RECOVERY WITH STREPTO- 


CANEPA, Prensa méd. argent. 38:1694 (July) 1951. 
A man aged 55 with pulmonary tuberculosis had onset of attacks of what was considered 
idiopathic glossopharyngeal neuralgia. The attacks were severe, coming on five or six times a 
day. Between them he had a sensation of dryness in the mouth 
At first an otolaryngologic examination revealed no cause for the syndrome, and a diagnosis 


of glossopharyngeal neuralgia was made. A lumbar puncture showed no abnormality, and the 
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amount of total protein was normal; there was only 1 cell per cubic millimeter of cerebrospinal 
fluid. The results of bacteriologic and ser 
examination revealed tuberculous laryngitis rhe 


logic studies were normal. Another laryngoscopic 


glossopharyngeal neuralgia cleared up 


completely aiter a course of streptomycin therapy. The authors know of no other case, in their 
ie literature, in which there was such 
uralgia and tuberculous laryngiti 


tls 


experience 


relation between glosso 
pharyngeal n 


N. Savitsky, New York. 


FoLLowING CuTANEOUS DIPHTHERIA AND OTHER SKIN INFECTIONS H. 


Wien. klin. Wehnschr. 61:394 (June 24) 1949. 


Strotzka reports on nine cases of severe polyneuritis, in several of which the condition followed 
proved cutaneous diphtheria; in others the disease was strongly suspected, while in the rest the 
neuritis was due to other suppurative lesions of the skin. From a review of the cases, it is 


it paralysis of accommodation is characteristic of diphtheritic polyneuritis, while 
paralysis of the palate occurs usually if there was a pharyngeal localization of the infection 


concluded th: 


Mason, New York. 


Vegetative and Endocrine Systems 


PosTPARTUM NECROSIS OF THE ANTERIOR LOBE OF THE PitUuUI1 GLAND: SHEEHAN’S 


The purpose of this p: r is to describe the 


gic features of postpartum 
necrosis of the pituitary 


gland and to point out pitfalls in the gnosis and therapy, based on 
a 15-year period. The diagn in four 


alive, and the diagnosis of 


seven cases O 


cases was verified by 
autopsy. Three patients r condition is based on typical 
clit 1 and laborat ry t 


sti each 10,000 of the approximately 2 cases of 
severe postpartum necrosis and 7 of less severity explains the pathogenesis as 
follows: Normally, after delivery there is a rapid involution t pituitary gland from its 
physiologically hypertrophied state during pregnancy of the gland is thus 


suddenly reduced; 


by circulate » hemorrhage, the bloos 


1. Thrombosis may thereby be precipitated in 
consequent infarction and necrosis six of the seven cases here 


complicated by severe hem« 


anterior lobe of the pituitary is coagulative necrosis or ischemic 
fibrin thrombi in » sinuses of the gland. The middle and 
posterior pitui r rarely infarcted lesions of Sheehan’s disease in the 
fully devel: 


as originated from the early necrosis 
appears shru n, although microscé 


entire pituitary gland 
pically only the anterior is involved. The normal 
structur¢ onnective tissue with few The thyroid, adrenal, and sex glands 


are usually gans ; all smaller than normal, 


although unchanged 
histolos w degenerative changes in 
the cortex ; the pituitary lesion 


a collapse resulting severe hemorrhage following 
the last delivery 1ost Ipful. Usually symptoms emerge imperceptibly out of the debility 
following delivery. Amenorrhea lly persists from tl 


1e time of delivery; genital and breast 
atrophy and loss 


of axillary and pubic hair usually occur. Asthenia, somnolence, mental and 
are common. The weight may not be seriously disturbed 
A waxy pallor of the skin n. The general 


psychic changes, and intolerance of cold 


appearance of a patient with Sheehan's 
disease may resemble that a myxedematous person 

Some patients die of it t infections, but m« e in coma. One variety of coma is 
predominantly hypoglycemic, and parenteral administr: 


ion of dextrose solution will relieve it 
The second type re sembles 


an Addisonian crisis and is associated with dehydration, shock, loss 


{ 
PoLYNEURIT |S 
S17, 
Disease. J. E. Cook, W. Bean, M. FRANKLIN, and J. F. Empicx, A. M. A. Arch. Int 
Med. 87:517 (April) 1951 
| 
flow may be reduced to an ¢ | 
the sinuses f the gland, witl 
reported the last delivery had been Ei rhage 
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of sodium chloride and fluid, hyperpotassemia, and hypoglycemia. The four deaths in this series 
were of the second type. In two of the nonfatal cases there were several severe attacks of coma, 


which were predominantly hypoglycemic with milder aspects of Addisonian crisis. 


Ihe best form of therapy for the disease is prophylactic, with better obstetric care and 
recognition and correction of the complications of pregnancy which predispose to collapse 


during and after delivery. In the early stages of Sheehan's disease the ideal form of therapy would 
be hormone replacement with extracts of the anterior lobe. In the past, substitution therapy with 
ivailable pituitary extracts has been unsatisfactory. Use of corticotropin as early replacement 
therapy for adrenocortical insufficiency in Sheehan's disease offers hope. Therapy must be aimed 
at correcting secondary glandular deficiencies. The use of antibiotics is indicated for intercurrent 
infections, which often induce hypoglycemic coma and adrenal crisis. It should be realized that 


the treatment of a patient with Sheehan's disease is not simple and often proves unavailing, 


despite all efforts of the physician. ALpers, Philadelphia 


Treatment, Neurosurgery 


PRANSORBITAL LopotromMy IN THE RELIEF OF INTRACTABLE J. M. and 
Water Freeman, A. M. A. Arch. Surg. 63:203 (Aug.) 1951. 


Williams and Freeman treated 23 patients with intractable pain by bilateral transorbital 
I ) 


lasms and had become addicted 


botomy. Most of the patients had far-advanced malignant neoy 
to the use of narcotics. The operation was immediately effective in all cases; but there were 
two postoperative deaths, and in five cases the pain recurred after two weeks. The number of 
failures probably would have been greater had the patients survived longer. The addiction to 


narcotics Was Overcome, or at least considerably improved, in most instances 


l'ransorbital lobotomy has a definite place in the relief of suffering, since the operation may 
be performed with the use of local anesthesia, without too much risk, even in the case of 
enteebled patients 


List, Grand Rapids, Mich. 


STELLATE GANGLION BLOcK IN CEREBROVASCULAR AccIDENTS. W. A. Nostk, Ann. Int. Med. 
35:409 (Aug.) 1951 


Though it has been accepted for years that the vasomotor control of the cerebral vessels 
wer very weak or nonexistent and that such alterations as do occur are secondary to 
ardiac itput and vasomotor reactions elsewhere in the body, more recent work indicates that 
the cerebral vessels are responsive to sympathetic and parasympathetic stimulation, just are as 
ther vessels elsewhere in the body 

The following factors regulate the blood flow in the brain 

1. I-xtracerebral factors, i. systemic arterial pressure 

-. Cerebral factors \ctive changes in caliber of cerebral arteries are due to changes in tone 


{ the arterial wall and serve to compensate for fluctuations in the systemic arterial pressure 


These changes may be instituted by (a) direct trauma, to the vessel wall: (b) chemical changes 
n arterial bloc d (carbe n di xide, ales hol, etc.); (c) asphyxia of tissue due to slow blood flow 
resulting trom low blood pressure, high intracranial pressure, or vascular occlusion of cerebral 
vessels; (d) local neuron activity—local increase in blood flow; (e) activity of cerebral vaso- 
constrictor (sympathetic) nerves; (f) activity of cerebral vasodilator (parasympathetic) nerves 


Passive changes in arterial caliber: mechanical responses to abrupt fluctuation in blood 


In this report the author is concerned largely with the effect of the local neural vasomotor 
control and its application to the treatment of cerebral vascular occlusions. The interruption of 
the neural vasoconstrictor elements by procaine block of the cervical sympathetic chain is the 
basis of the treatment instituted to decrease the amount of permanent damage after such a 


clinical episode occurs 


Nosik outlines his technique for stellate-ganglion block. In his opinion, those patients who 
have had an embolic or a thrombotic cerebrovascular occlusion are more likely to derive benefit 


! 

| 
pre ure 
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from this procedt themselves than are patients with a cerebral hemorrhage 
Hi bl ‘formed, the better the possibility of forestalling associated anoxic 


The earlier the | 


tissue 


block in treatment of cerebrovascular lesions does not alter the 


state of thi uro hich are irreversibly damaged by anoxia, but, rather, is directed toward 
those { vasospasm surrounding the affected area which are capable 
of being revived. By institution early of treatment wit! block in patients with cerebro- 
I tion between the neurol or neurosurgeon and the internist 


vascular 1usions, ose cooper 
logical residuz in lessening of the degree of the 


may result 1 greater decrease 


vatient’s perm: lisabilit 
patie disal y Philadelphia 


MYASTHENIA GRAviIs: REPOR ASE RECEIVING DOSAGE OF NEOSTIGMINE 


J ER, W. H. Pickett, and A. W. Harrison, 1. Int. Med. 35:463 ( Aug.) 1951 
\ patient with severe myasthenia gravis receiving f neostigmine bromide orally 


per 24 hours without toxic manifestations, but with 1 was subjected to thymectomy 


An acute myasthenic crisis developed 18 hours afet tion im lack of neostigmine due to 
gastric dilatation stormy, difficult postoperative cours¢ at resulted responded to heroic 
intubation, aspiration, and bronchoscopy; neo- 


24 hours, 


he patient also received 


measures, includin 4 a respirator, tracheal 
stigmine methylsulfat given intramuscularly 


a dose much gre: han any previously recorded in the 
atropine sulfate, epl ! lfate, and tetraethylpyrophosphate, an anticholinesterase agent, 
and general suy 

letraethylpy valuable supplement to neostigmine in this case 
Toxicity does occur, h the size of the pupil and its ability to react 


to light as a valuable sign . j ie mine or tetraethylpyrophosphate. One of the 


first sigt point, and finally dilated and 
fixed as t the pupil returns through the same stages 
in reverse 

rhe effect of thymectomy in this case could not be considered striking. The patient has been 
maintained on a combin: 1 of tetraethylpyrophosphate and approximately one-fourth the 


preope e di f neostigmine bromi 
romide Philadelphia 


MESANTOIN IN Epicepsy. N. A. Bercet, B. FINEsSILVER, P. Solomon, E. SOMERFELD-ZIs- 
J. A. M. A. 143:1460 (Aug. 26) 1950. 


KIND, and E. ZIsKIND, 
were ated with mesantoin® (methylphenylethylhydantoin) for two years 
29 
remaining 48 received other medication with it, the average dosage of mesantoin 


he ily dose of mesantoin® ranged from 0.1 to 1.3 gm 


average dose of six 0.1 gm. tablets. The 
* for them being 


received mesantoin® alone, with an 


only four tablets 

Seizures of every type were reduced. Complete control occurred in the five patients with 
Jacksonian seizures. The reduction in monthly incidence « and mal attacks was 77% greater 
than that v revi treatment. The total incidence of petit mal attacks per month was 
reduced ct being when there was admixture with grand mal. Psycho- 
motor s] ther types were reduced 62%, whereas the incidence of purely 
with administration of mesantoin.® 
were obtained in patients with more than one type of seizure whether 
mesantoin® was used alone or in combination with other drug In patients with petit mal 


seizures exclusively the addition of trimethadione (tridione®) enhanced the value of mesantoin.® 
Comparison of statistics gathered after six months and after two years confirmed the 
constancy and reliability of the response of epileptic patients to mesantoin® therapy 


Bercel and his co-workers found that toxic effects may occur with mesantoin,® particularly 
when the drug is used bey tolerance or when added to other heavy anticonvulsant medication 
The most serious toxic effects were hematologic. More gradual administration will probably 


reduce toxic complications. 
Philadelphia. 


IBSTRACTS Xx 
changes in the neighboring cerebral [= 
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TupercuLtous Meninaitis. H. Carrns, H. V. Smitn, and R. L. Vortum, J. A. M. A. 

144:92 (Sept. 9) 1950 

Recovery from tuberculous meningitis with the aid of chemotherapy is a slow process, 
requiring a year or more, as might be expected from the behavior of tuberculosis of other parts 
of the body. Streptomycin must be given to the patient for a long period, and treatment with 
the drug should be followed by rest and graduated exercise on sanatorium lines. 

Cairns and his colleagues have treated 93 patients with tuberculous meningitis with strepto- 
mycin. For the first 60 of these patients the recovery rate was 50%. The majority of deaths 
occurred in the first three months; the relapse rate after a full course of treatment was low, 4 
in 60. The authors have administered streptomycin for a much longer period than have most 
other workers in this field, and they hold the view that the course of the disease under treat- 
ment has justified their policy. As with tuberculosis in other parts of the body, in the meninges 
the inflammation is exceedingly slow to subside, even in the most favorable case; although at 
the end of six months of streptomycin therapy the cells and protein of the cerebrospinal fluid 
are usually approaching normal, it may take an additional 6 to 12 months before they are finally 
within normal limits, the protein level usually being the last to fall. 


It is difficult to lay down precise rules for stopping treatment. The authors state that intra- 


thecal injections should be continued daily for at least eight weeks after the last positive films 
or cultures, until cerebrospinal fluid studies show that the cell fluctuations have disappeared and 
the protein level is stationary or falling, until there is no clinical evidence of active disease, and, 
in particular, until the weight has ceased to diminish. Streptomycin intramuscularly administered 
should be continued for at least 180 days, regardless of the patient's progress. Its administration 
should not be stopped until the patient is gaining weight and the protein level and cell count of 


the cerebrospinal fluid have been steadily falling for at least two months. 


\ll the authors’ patients were treated in centers with facilities for minor neurosurgical 
yperations. In spite of great care with the daily lumbar puncture, the spinal subarachnoid space 
became partly or completely blocked at some stage of the illness in about one-third of the 
patients. Bifrontal burr holes were immediately made, and the streptomycin was injected into 
the ventricles, or occasionally into the cisterna magna, until the lumbar subarachnoid space 
reopened. There should never be a day during treatment when the therapeutist does not have 
free access to the cerebrospinal pathways for giving streptomycin or for withdrawing cerebro- 
spinal fluid to relieve increase of intracranial pressure 


Prelimit 


iry experiences with intrathecally injected tuberculin (purified protein derivative) 
have been encouraging from the therapeutic standpoint. The authors suggest these indicate that 
this substance results in a lysis of the exudate, and that in these circumstances streptomycin 
s a better remedy for tuberculous meningitis than has hitherto been supposed. Intrathecal use 


tuberculin is bein 


g cautiously extended to a larger series of patients. 


Acrers, Philadelphia 


[TREATMENT OF SPONTANEOUS SUBARACHNOID Hemorrnace. L. A. Mount, J. A. M. A. 


146:693 (June 23) 1951 


Spontaneous subarachnoid hemorrhage accounts for 2% of sudden deaths from natural causes. 


It is caused by the rupture of an intracranial aneurysm in the great majority of patients. It may 


ccur at any age, but is commonest in the third, fourth, fifth, and sixth decades of life. It is 
characterized by the sudden onset of severe headache, stiffness of the neck, vomiting, collapse, 
and, in many instances, coma 

Mount feels that arteriography is essential to establishment of the diagnosis, both as to the 
location and as to the exact type of the pathologic process. Only then can definitive treatment be 
undertaken 

The mortality rate was 48% for the medically treated patients. This represents the average 
mortality rate in 752 cases, including several large series previously reported and the present 
series. The mortality rate was 14% for the surgically treated patients. This represents the 
average mortality rate in 409 cases, including the author's. The mortality rate in his own 


series was 11% for 77 consecutive patients with intracranial aneurysms treated by operation 
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Mount concludes that it is therefore advisable in suspected cases of intracranial aneurysm 


to outline clearly the pathologic process by arteriography and to perform the surgical treatment 

indicated. While e: case must be judged on its own merits, direct intracranial surgical treat- 
it, when possible, is the best meth ; 

¢, is the best method \Acpers, Philadelphia. 


SurGICAL TREATMENT OF LuMBaAR LEsIoN, J. A. M. A. 146:732 (June 23) 
1951 


J. E. A. O'Connell (J. Bone & Joint Surg. 38-B:8, 1951) analyzed the results of surgical 


treatment in 500 cases of proved lumbar-intervertebral-disk protrusion in which he operated 


O'Connell infers from his experience that back pain from a protruded d is seldom so severe 


so persistent o1 requent as to require operation. Occasionally pain affected both lower limbs, 
either simultaneously or in succeeding attacks. In over 90% of cases it was felt in one leg alone, 
and the leit was involved « r than the right in the proporti f 3:1. A clinical diagnosis 
of lumbar-intervertebral- protrusion is more accurate 1an a myelographic diagnosis 
O'Connell believes that neither lumbar puncture nor myelography is necessary for a diagnosis 
The diagnosi adil 1ade in most cases by careful clinical and roentgenologic study. The 
problem is not in diagn ut in the decision as to the correct treatment 


symptoms, with later exercises for the lumbar muscles and 


treatment in most cases i when an adequate trial of sucl 


bring rel hould surgical intervention be considered. In most of the selected 
performed operation designed to relieve the affected nerve fibers from forces 
ompress them will give satisiving relief of symptoms. In O’Connell’s series, 


nt 


s were either completely free from symptoms or greatly improved after 


i of the causes of unsatisfactory results from operative treatment of lumbar 
disk lesions, | .. Armstrong (J. Bone & Joint Surg. 33-B:31, 1951) states that a wrong 
diagnosis 1 h he most frequent cause of unsatisfactory surgical results. According to this 

the patient with a genuine disk lesion ts lieved by operation is failure 
sion or failure to recognize a double lesion. He also states that it is not enough 


he displaced nuclear tissue alone; the whole diseased nucleus must be removed 


is Op 


pposed to the performance of arthrodesis in addition to removal of the 


herniated material. He believes that it is unecessary for the vast majority of patients and that it 
increases the immediate operative difficulties and hazards and greatly increases the period of 


yostoperative incapacity. When necessary, arthrodesis can be performed in a second stage 


The views expressed by these British surgeons are very much in agreement with those of 


\LPeRS, Philadelphia. 


country 


ALCOHOL INJECTION INTO THE GASSERIAN GANGLION FOR RE 
Gia. R. Wien. klin. Wehnschr. 61:450 (July 22) 1949. 


Ullik describes an apparatus of his construction which permits the penetration of the injecting 
needle into the Gasserian 


OF TRIGEMINAL NEURAL- 


n with greater speed and accuracy. The author uses 96% 
alcohol for injection, approaches the ganglion along the axis of the trigeminal nerve, dispenses 


with x-ray control of the position of the needle, and follows the progress of the procedure by 


repeated neurological examinations during the operation. Light ether anesthesia for the intro- 


duction of the needle and the first few drops of the alcohol injection is used. 
Mason, New York. 


TREATMENT OF Post-ECLAMPTIC QUADRIPLEGIA WITH VITAMIN Bo [PyrtpoxINnE]. A. Kraus 
Wien. med. Wchnschr. 61:492 (Aug. 5) 1949 


Kraus reports a case of postpartum eclampsia with quadriplegia, hemianopsia, motor aphasia, 


coma, and incontinence. Detoxifying and cardiotonic therapy maintained the patient alive 


The neurological picture receded almost completely after 50 injections of a preparation of pyri 
doxine (vitami ), given over a period of about three months 


Mason, New York 
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Special Senses 


\MYOTONIA CONGENITA: Report oF THREE Cases witH Review oF Literature. J. A. 
Epstern, J. Mt. Sinai Hosp. 16:137, 1949. 


Epstein reports three cases of amyotonia congenita in two male infants, aged 7 and 3 months 
respectively, and in one female infant, aged 21 months. All three patients presented the usual 
atonia, absence of reflex responses, and immobility. The clinical course and the necropsy findings 
indicate that there is a congenital deficiency of the entire motor apparatus, from the cells of 
Betz of the precentral convolution to the motor end-plates and striated muscle fibers of the effector 
mechanism. The essential pathologic features include a diminution in the number of pyramidal 
cells in the third and fifth layers of the precentral gyrus, including absence or pronounced reduc- 
tion in number of the giant cells of Betz. The usual grouping of the neurons in the ventral 
horns is absent. There is a paucity of cells, persisting only as occasional small, stellate, deeply 
staining elements with few processes. Cells resembling neuroblasts are present in both the cortex 
and the nuclei of the medulla and pons. The ventral roots are deficient in medullated fibers as 
ompared with the normal number of myelinated fibers in the dorsal roots. This discrepancy is 
further evidenced in the cauda equina. Motor end-plates are present only on the muscle fibers of 
normal size and have never been observed on the small embryonic fibers which form the outstand- 


ing pathologic feature of the voluntary muscles. The diaphragm is the only striated muscle 
to retain its normal appearance. These observations, together with the absence of evidence of 
degeneration, inflammation, or gliosis, suggest that amyotonia congenita is due to a failure of 
levelopment and maturation of the voluntary motor components of the central nervous system 


J. A.M. A 


vefore neurotization of the skeletal musculature has been established 


Diagnostic Methods 


CLINICAL AND EXPERIMENTAL StupiEs OF FLUORESCEIN DyrEs WITH SPECIAL REFERENCE TO 
Use ror Dracnosts or Centrat. Nervous System Tumors. G. E. Moore, S. W. 
Hunter and T. B. Hupsarp, Ann. Surg. 180:637 (Oct.) 1949. 

Moore and his associates direct attention to the use of sodium fluorescein in delineating 

malignant tissues. In earlier studies patients suspected of having an abdominal cancer, who 

were to undergo laparotomy, were given an intravenous injection of 1 gm. of the dye (20% 

aqueous solution) four hours before the scheduled exploration. Examination at the time of 
peration was carried out under the ultraviolet light emitted by a CH-4 mercury vapor lamp 

equipped with Wood's filter. The authors extended this fluorescein technique to tumors of the 
central nervous system and found that brain tumors almost invariably showed fluorescence when 
viewed with ultraviolet light. This technique has been of clinical value in the localization and 
liagnosis of subcortical lesions. Biopsy material is obtained by aspiration through brain needles. 

When examined under ultraviolet light neoplastic tissue fluoresces a bright yellow. Normal 

ortical material retains a faint yellow-green fluorescence, while normal white matter appears 


blue tr The degree of fluorescence was correlated with the degree of malignancy. Acoustic 
neuromas and slow-growing astrocytomas took up the least amount of dye, whereas astroblastoma 
and glioblastomas appeared to fluoresce the most. Meningiomas differed; whereas some exhibited 


nly slight tluorescence, others were a brilliant yellow. Tumors of the spinal cord were found to 
take up appreciable amounts of the dye. Residual remnants of tumor were occasionally disclosed 
by examination of residual cavity. A summary of 141 consecutive cases in which the fluorescein 
echi 
fluor: 


ique was used and in which a biopsy was done is presented. Efforts were made to tag 
cein with radioactive elements. Radioactive diiodofluorescein containing 1 wc of I'31 is 
injected intravenously. Some tumors, particularly those deeply situated, could not be localized 
with this radioactive method. Better equipment, more sensitive Geiger-Miiller tubes, and other 
improved methods are required to increase the accuracy. The increased concentration of fluores- 
cein dyes in brain tumors cannot be due to greater vascularity, since maximal fluorescence does 
not occur immediately after injection. The so-called blood-brain barrier undoubtedly is partly 
responsible for the differential concentration. Fluorescein and radioactive dyes may prove useful 
in evaluation of the role played by the blood-brain barrier in other diseases of the central nervous 


system. J. A. M. A. 
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Encephalography, Ventriculography and Roentgenography 


HyPeERTROPHIC OSTEOARTHROPATHY: Report OF A CASE ASSOCIATED WITH A CHORDOMA OF THE 
BASE OF THE SKULL AND LYMPHANGITIC PULMONARY Metastases. N. Une and J. Cuure, 
Ann. Int. Med. 31:681 (Oct.) 1949 


In the majority of cases, osteoarthropathy, with its concomitant clubbing of the fingers and 
toes, is seen as a sequel of chronic suppurative or neoplastic disease of the thoracic organs, and 
less commonly of the abdominal viscera. Only in rare instances has the condition been known 
to precede the manifestation of the underlying disease. When this occurs, diagnosis is often 


ho showed early clubbing of the fingers and toes in t 


impossible until late in the course. The authors report an illustrative case, that of a white man 


1e course of his rapidly progressive 
h resulted in death in six months 

Autopsy confirmed the clinical impression of extensive neoplastic involvement of the lungs 

and massive hypertrophic arthropathy. The changes at the base of the skull were caused by a 

malignant tumor identical in structure with that found in the chest The involvement of the 

lungs was of “lymphangiitic” variety, with only secondary infiltration of the parenchyma, 


bronchial walls, and blood vessels. There was no particular area which could have been desig- 
nated as the primary focus This fact argued against primary pulmonary neoplasm with 


metastases to the of the skull. Reconsideration of the clinical course and detailed histologic 


studies led tl hors to believe that the reverse, in fact, was true, namely, that the tumor 
originated within the base of the skull and metastasized to the lungs and pleura 
he microscopic structure strongly suggested the diagnosis of chordoma. The topography 
tumor, the location of the most differentiated areas beneath the sella turcica, and the 
expansion of the involved bones testified to the intraosseous origin of the growth 
Metastasizing chordomas of the base of th ull are not at all uncommon. However, even 
the malignant chordomas have a relatively slow and may extend over a period of years. 
Cases such as that presented here, with rapid course and massive “lymphangiitic” metastases, 
Various theories have been propounded to lain the mechanism of osteoarthropathy and 
clubbing ng pparent th ( he us far suggested can adequately 
Acpers, Philadelphia. 


CLINICAL CRANIOSYNOSTOSIS: ANALYSIS OF Firry CASES AND DESCRIPTION OF 
METHOD OF SURGICAL TREATMENT. F. D. INGRAHAM, | \LEXANDER Jr., and D. D 


Matson, Surgery 24:518 (Sept.) 1948 


Ingraham and his co-workers report 50 children with all varieties of premature closure of the 


cranial sutures r which the term “‘craniosynostosis” has been used I'wenty-nine children, 


24 boys and 5 girls, presented premature closure of the sagittal suture. There were eight 
patients, five girls and three boys, with premature closure of the coronal suture, four patients 
with premature closure of the sagittal and coronal sutures, three with premature closure of the 
sagittal and lambdoid sutures, and six with closure of all cranial sutures lwenty patients 
(40%), 7 of the sagittal group, 3 of the coronal group, and 10 with two or more sutures fused, 
were retarded to some extent before surgical treatment was practiced. Of the 44 patients treated 
surgically, 20 patients received treatment before the age of 1 year. Because of the rapid 
growth of the brain during the first year of life, it is to be expected that the best results from 
surgical treatment will be obtained during this period. This has been confirmed in the authors’ 
cases. Many patients came to the hospital at ages varying from 3 to 7 years, and in these little 
was to be expected from any surgical procedure. In spite of this, there was definite improvement 
in the patients’ behavior at home. Eleven patients (25%) showed retardation after operation 
In general, the prognosis for mental development of a patient with premature closure of the 
cranial sutures treated under the age of 1 year is excellent, but if synostosis is evident at birth 
surgical therapy should not be delayed more than a few weeks. Linear craniectomy, with poly- 
ethylene film inserted over the bone edges to retard regeneration of bone, has been adopted as the 


operation of choice. There have been no operative deaths, wound infections, or serious compli- 


cations J. A. M. A. 
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Congenital Anomalies 


or OccURRENCE OF COMPLICATION OF PREGNANCY AS CAUSAL Factor or CONGENITAL 


B. GRUNFELDER and W. Lascu, Ann. pediat. 173: 388, 1949, 


ANOMALIES, 


Grunfelder and Lasch cite observations which suggest that the predisposition to certain 
rganic defects is determined by the affinity of cells which are of the same embryonal age, regard- 
the body. In necropsies on monsters, they observed that in those 


of the | position in 


ive rhinencephalon developmental anomalies were present also in the adrenals and 


a detect 
genitalia. They deduced that 1f a noxious factor acts on the maternal organism at a time 


lopment of certain organs begins, the development of the first anlage 


he embryonic develo 
bited and this may lead to permanent anomalies in these organs. Experimental investigations 


rats were interrupted by war, but when the authors learned about the effects 
i certain stage of her pregnancy on congenital cataract and other 


spring, they recalled the frequent concurrence of tumor of the pineal body 
r the occurrence of genital and adrenal symptoms in the presence of pineal 


I raccox 
They believe that the reports from mothers 


hey review data on 26 cases of this type. 
ildren with anomalies such as cardiac defects, cataract, harelip, and luxation of the hip joint, 
and the material they collected from the world literature support their view that the time when 
damage occurs during pregnancy is of much greater importance for the development of congenital 
It appears that rubeola produces the typical 


anomalies than the nature of the damaging agent 
congenital malformations only if the infective or toxic agent affects the maternal organism during 


a specific time of pregnancy, i. e., when it occurs during the initial stage of the embryonic 


development of certain organs or organ systems. J. A. M.A 
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BOSTON SOCIETY OF PSYCHIATRY AND NEUROLOGY 


James L. Poppen, M.D., Presiding 
Regular Meeting, Oct. 11, 1951 


Management in a Case of Electroshock Therapy Presenting Unusual Risk. Dr. W. 
McLat LI Dr. J. WassersuGc, and Dr. J. MACKENZIE 


idmitted to the n State Hospité n May 27, 1947, 
because sl} as said to be gradually withdrawing h lf, was melancholy, remained in 
her room all t i id felt sl as being criticized by others. During her period of obser- 


vation she remained withdraw: nfused, and seclusive, but periodically became hyperactive and 


assaultive I \ lly, manneristic, and irrelevant. A diagnosis of dementia praecox, cata- 
tonic type, was made, and it was decided to give her electroshock treatment. However, the routine 


X-ray amination, in preparati electroshock therapy, revealed that she had active pulmo 
nary tuberculosi dical consultation was d with Dr. Hyman Morrison, who stated that 
although she had t ulosis, her mental condition was such that electroshock therapy should 
not be withheld ugs é msultation with Dr. Wassersug, the tuberculosis consultant 

ho made the following 

a minimal active | 1 in ight | at the apex and the 
first intercostal space age and race it the prognosis, even without 
the superimy | al illness wor and that intensive therapy, such as pneumothorax, 


should be 21 1 ptl ould like to have % amination of the sputum and another 


roentge! yran I neun horax is established ap in be given.” 


lubercle bacilli Id no identified in the sputum, and the patient’s physical condition 
gradually gr vi becat f her failure eat and the development of catatome excitement. 
given her first pneumothorax treatments. These had to be carried 

pental anesthesia because of her acute excitement and disturbed 

f the lung had been obtained with pneumothorax, she was 

average of th times a week, with weekly maintenance 

pneumothorax al ter the fourth electric I | idition was improved to 
the t at sl id t thiopental for her pneumothorax treatments. She continued 
j after receiving 15 electroshock treatments, she was allowed 

go out o1 ial 1 : onths after admission. She received maintenance 
pneumot! herap) a city publ Itl lit, worked continuously as an office clerk, and 
was dischi 1 from the | pital rmal ne year alter the date of her release on visit 


We present this case ‘ it | psychiatric and medical management was 


a life-saving measure 


Eosinophile Response as a Clue to Prognosis in Insulin Treatment of Schizophrenia. 
Dr. H. C. SHANDs. 
ogress of the eosinophile reaction in the course of insulin shock therapy was studied. 
phile counts were taken at random through the course of treatment, on the average 
at weekly intervals. Blood was drawn just before the termination of treatment on the given 
morning. Charts were presented to demonstrate that the occurrence of eosinophilia in these 
patients was associated with a poor prognosis, in that approximately 70% of patients with 
eosinophilia hz a poor therapeutic result, while a similar proportion of patients without 


eosinophilia had good results in the immediate post-treatment period. Three patients from 


the series were presented to point out the difference in the two groups. 


Remission in Schizophrenia Illness During Individual Psychotherapy, with Mainte- 
nance in the Community by Group Psychotherapy: Report of a Case. Dr. Jose 
N. GuRRI 
A woman, aged 44, was admitted to the Boston State Hospital after a panic reaction, during 
which she suffered from frightening paranoid delusions. 
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{ 34 she had a catatonic episode, which lasted a few weeks. At 37 


she spent 
months in a hospital, obtaining a 


good remission after insulin and electric shock treatments 

present admission she was apathetic and disheveled; her mood was flat, and she had 
ccasional unprovoked loud and abusive outbursts 

During psychotherapy her flat, bland mood was soon replaced by vehement expressions of 

feelings against the therapist, mingled with fear and distrust. This was followed by a strongly 

positive transference, with the intensity and tenacity of the schizophrenic who has at last found 

omeone in whom he can completely and blindly deposit his trust 


Her deep resentment was aired 
lently acted out When she left the 


hospital, her condition was in remission, and she 
siderable insight. She went back to her job and is reported to be doing well. 

‘pon discharge she joined a psychotherapy group, in which she actively participates. She 
been through several minor crises, which to her appeared of overwhelming importance, 


most 


characteristic lack of knowledge for the elemental aspects of interpersonal 
the schizophrenic. A few clarifications have sufficed to solve these 


Psychotherapy in a Case of Schizophrenia. Dr. James MANN 


an, aged 29, with schizophrenia had had psychotherapy for 
hosis was resolved in 342 months, and at the time « 
lf independently in 


four years. Her acute 
report she had been maintaining 
he community for 3% years. In retrospect, she feels that the primary 
received when acutely ill lay in the therapist’s complete acceptance of her as he found 
y in his refusal to withdraw in fear under the impact of her sexual demands, 
his firm, but gentle, proscription of her activities with 


but 
regard to him. For the first 
in her life she felt that she was dealing with someone who was consistent and who created 

her limits beyond which she could not go; thus, she felt that someone would exercise 
adequate control over her. After remission, the plan of treatment was threefold and included 
clarification of (a) the nature of her current activities and interpersonal relations outside the 
therapeutic situation, (>) feelings motivating her relationship to the therapist, and 


1 (c) the relation 
of a and b to sources found in her infantile experiences 


freatment has clearly revealed the struggle between her wishes to destroy and her fe 
The sources of this struggle lay in intense deprivation at the hands of 
he mother. Her attemp 


[ on in her everyday relationships wit! 


ar 


ilready noted. Hence, all relationships were 


iw in the face of her subtly hostile demands. Love 


ie desires never achieved in infancy. The infantile 


rage and fear; hence, adult love relationships were similarly invested 
a transterence psychosis developed. By definition, it was acute and short-lived, 
of the setting that preceded her h 


ituatior \s the patient ressed it, ‘ 
relationship ot 


spital admission, and clearly related to the 
‘It all seemed familiar.” 

) the therapist is a good one, the therapist 

This means that rehospital- 

can be avoided so long as the 

ivailable t lerapist becomes and remains a 

patient. Hasty hospitalization can render worthless that good reality, 
intment and failure in the eyes of the therapist 


CHICAGO NEUROLOGICAL SOCIETY 


John Martin, M.D., President, in the Chair 
Regular Meeting, Oct. 9, 1951 


Sensory Changes with Herniated Nucleus Pulposus. 


Dr. Loyat Davis, Dr. JOHN 
MARTIN, an 2. STANTON L., 


GOLDSTEIN. 


We have made a 


areful study of the sensory changes in 500 consecutive cases of surgically 
verified hermated nucleus pul t In all 


pulposus 


all but 38 cases myelography was performed and the 
lesion verified. Of the 500 cases, sensory changes, which were extremely variable, were demon- 
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fifth lumbar intersp: alone produced 38 patterns of 

herniations at this 

space produced 29 sensory patterns, 

none of which wi { niath at tl ls could not be differentiated on the 
basis « hans alon ‘he extreme variability in the ry pattern makes the 
method of de gj ! art on the basis of the sensory changes associated with 
herniated nucleus pulposus an unreliabl While myelography is not necessary to establish 


is necessary to localize a lesion involving 


Dr. BENJAM 1 e | lem po th : Id one, and one as yet 
unsolved ! t i the li 1 i middle 30's, \ n surgery for herniated 
disk ished, and vill 1 kind « iment \t end 
of the ands the grouy ch demands careful clin , examination of the spinal 
fluid i! | otein, and x-ray evidence, ] | a contrast medium 

iodiz “required,” in his own 
word was ready 
g tests for increased 


itest move 


here is no critical sensory 

f carefully studied 

Is scratch better than 

and temperature stimuli better than pinprick 
investigators, under Falconer, say that all others 


atome 


Falconer group. There is nothing more 

standardized stimuli; a quiet, 

patient. A man who has been 

oo particular as to whether a 

a preceding one akness and paralysis are often 
m such a limb is often “rej ” “My leg feels dead,” 
Iproof, o1 1 possible diagnostic aid t 
y rec ded cures, so disk syndrome by psyche 
r subjects for surgery 


Drs. Davis, Martin, an 0 in tries to avoid these pitfalls 


for their diagnostic regimen. I have seen, and often partici 


\ careful history, neurological examination, and x-ray 


alterations are painstaking 
by modality Then the ethyl iodophenylundecylate (panto- 
usually outlines the affected anatomical level even if the 
history and neurological examination will catch the rare 


which do not show on examination with the contrast medium. The patients 
I have seen thus examined hi iot been disturbed by the procedure, and the effective removal 
of the contrast medium eliminz any pt tential aftermath of nerve-tissue reaction 


In my opinion, unti sory examinations are standardized and dermatomes universally 


agreed upon, the authors will give the highest percentage of accurate 
anatomical local ws that the site of any subsequent operation will 


be better defined procedure less traumatic to the patient. 

Dr. Il. JosuHua SPEIGEL: | am in full agreement with the authors in everything that has been 
said, particularly with regard to the great variability of sensory changes to be found with 
rupture of an intervertebral disk involving the fourth and fifth lumbar and first sacral nerve 
roots. I am surprised, however, to hear that the authors have not encountered difficulties with 


\ 
} TRANSACTIONS 
the diagnosis of herniated nucleus pulposus, we believe it i ir: 
the lumbar portion f the spine 
DISCUSSION 
mobilitv of the suspected vertebra Che affected disk would he under the area ol grea 
ment 
The irgument still g cs I Is | verste! rigl 
loss when a gle sterior root is cut? Is Kee 
cases of solitary-1 t lesions, a more careful ¢ 
pinprick as a testing modality \re touch 
(Spurling and Grantham) The New Zealand 
are wrong in part. Involvement of a single dermmmmm due to involvement of a single root 
may be complicated by what these investigators call “spreading hypalgesia or hyperalgesia.” 
Ihe findings depend on whether . 
My own experiences are in ke . 
difficult than a careful sensory 
warm room, and, most of all, a rq 
bedridden for weeks with a pai 
given stimulus is less or great 
interpreted as “numbness.” Sens 
is the answer given by the pati 
I make disk surgery reasol 
clarity the issue There are ma 
therapy. Such patients are pe 
pated in, the work-up of their cases, iia | 
study lead t the diagnosis a3 
documented on the chart, modality 
paque *) study follows. Phe dye 
sensory findings are variable Phe Be 
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ethyl iodophenylundecylate myelography similar to those my colleagues and I have encountered 
in our clink Forty-two of 150 consecutive myelograms performed at the Michael Reese 
Hospital and elsewhere were followed either by severe headache, lasting for days, or an elevation 
of temperature to as high as 104 F., lasting for two or three days, or both. As in all other clinics, 


an attempt is made to remove the pantopaque® in its entirety, if possible. A culture was made 
of the contrast medium, and, of course, no growth was obtained. We were assured by the 
company that the chemical composition of the pantopaque ® was the same in all cases. I saw 
in consultation two patients on whom a pantopaque ® myelogram had been obtained elsewhere, 
followed by complete paraplegia. Neither of the myelographic studies was performed by a 
neurologist a neurosurgeor I have seen so many cases in which there was myelographic, 
but not surgical, evidence of ruptured disk, and, conversely, so many cases in which the myelo- 
grams gave no evidence of the lesion but in which a free-lying ruptured intervertebral disk was 
removed surgically that | am coming to believe that, unless there is a specific reason for 
contrast myelography, it would be wiser to explore the interspace between the fourth and the 
ibar vertebra and that between the fifth lumbar and the first sacral vertebra without 
carrying out myelography 
8) P. Mackay careful clinical neurologist will readily testify that the sensory 
examination is by far the most difficult part of the neurological study rhe findings presented 
by the authors of this paper confirm this judgment. To see on the screen, as we have, practically 
lower extremity colored red as indicating the sensory changes supposed to result from 
f a single root simply means that the patient has deluded himself, has misunderstood 
test, or has deceived the examiner Che technique of the sensory examination must make 
the test scrupulously objective, and this can be done only by having the patient respond to each 
single stimulus. Repetitive or scratch stimuli are confusing to the patient, and to the physician, 
even in the normal subject, because of the irregular distribution of pain spots and because of the 
suggestion implied in the question, “Tell me when it gets dull,” or even in the question, “Tell 


hether it changes.” 
in entire agreement with the authors’ conclusion that the sensory examination is of little 


lue in the diagnosis of herniated disk. The sensory diagnosis, on the other hand, must 


be reached by careful analysis of di concerned with the mode of onset; the character and 


or absence of loca 


distribution of the pain; its response to exercise, movement, coughing, or sneezing; the presence 


tenderness, motor weakness, or pain on straight-leg raising, and the state 
of the deep reflexes. With data on these points, the diagnosis may usually be made without 
much help from the sensory examination, or even from the myelogram. 

Dr. Freperick Hitter: The discussion of this interesting paper reminds me of another 
“variable,” which | ot been mentioned. Obviously, it is not only the intelligence of the 
examiner, and not only the failure of the patient, which interferes with the accurate determination 
of the pattern and outline of the sensory disturbances. It is also the variation in the distribution 
of the sensory disturbances which occurs during observation. I can tell you from my own 
subjective experience that paresthesias—and also hypesthesias—vary from day to day, under the 
influence of a varying impingement on the posterior root fibers. Thus, the pain may be felt at 
times in certain portions of the thigh « he leg or in the foot. This variability of sensory 
manilestations may well contribute to the contradictory or unreliable “objective” findings in 
the examination of sensation 

I should be interested to hear some comments on the important differential diagnosis of the 
disk syndrome and the syndrome of root compression seen in chronic arthritis of the spine. 

Dr. Joun Martin: I should like to add that these myelograms were often made even when 

it was not absolutely necessary. The greater number of these patients were 
examined at a Veterans Administration hospital, where one can have a certain amount of clinical 
investigation done rhe sensory findings and the plain roentgenograms of the spine do not 
localize a lesion accurately, and these two criteria may indicate in the same patient the possibility 
of a lesion being at different levels. Myelography was performed in 100% of the cases in this 
group. I thoroughly agree that the less that is put into the subarachnoidal space the better, and 


that includes air, as well as ethyl iodophenylundecylate (pantopaque ®) 
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that o exple 


probably find a I portion we 


preoperative 


rate of is beside the poin 


we have found that t n anges ar consistent 
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We 


not been ; 
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he complications th: 


, Certainly none 
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and sympt erniated nucleus pulposus, we 
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A Technique for Teaching Testing for Aphasia. 


DR 


For the purpose of instructing fellows in medical 


test Many of the test 
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Jor BROWN, Minneapolis 


hoy t for aphasia, a simple 


more complex test for 


priate directions, 


| in 


objects because of 


Various 


Phese 


convenience and 


language components 


components include audi 


visual association, visual compre 


formulation, written expression 


test cards, additional cards 


presentation of an 


e concept cortical ot 


still 
the brain 


Mosaic 
but 
part ot 


sucl a 


ies ol concept, it 
located in on 
aphasia because the loss 


If 


simple language 


with 


a man cannot 


nability to manage 


how can he perform more compli- 


in another area? Perhaps 


one sitting 


other clinicians 
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test ior aphasia which we reported 


r the test material belongs to 


lip reading 


as that 
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precaution against lip 
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The rest of the questions and comments deal with localization of lesions with theories of 
neural function as they relate to language 

Che major emphasis of my talk was directed toward a description of a test for aphasia. The 
case material used for illustrative purposes naturally arouses interest in localization of lesions 
producing various types of aphasia and in the various theories of language mechanisms. 
Obviously, the material I presented does not offer any answers to these problems. In construc- 
ting the test itself, | have tried to sample various language components separately, without 
feeling that it was necessary to postulate a specific anatomical location for a function in order 
By analogy, we test the pain of a pinprick and light-touch sensibility 


of an area of the skin individually without assuming that they are necessarily represented in 


to test it individually 


different areas in the brain 

lhe various parts of the test, once it was constructed, were then related to the localization 
of lesions as described by Nielsen. At this point, it seems appropriate to note that many years 
igo Hughlings Jackson emphasized that there was a great difference between the location of a 
lesion which destroyed a function and the conclusion that the function itself was necessarily 
pertormed in the same area. I believe that it is important to test aphasic patients specifically, 
to apply the best available information to localizing the lesion, and to add to our sum of know- 
ledge on aphasia. It seems that a lesion placed anteriorly destroys the ability to express 


lobe impairs auditory components of language, and that 


language, that a lesion in the temporal 
4 parieto-oceipital lesion impairs visual components. Language formulation may be impaired 
by a lesion of the temporo-occipital junction or its projections forward. 

In answer to Dr. Chor's question: The test is given in one sitting and takes 15 to 30 minutes. 

In answer to Dr. Mackay: After giving the test two or three times, the resident has gained a 
tairly good idea of the fundamentals of aphasia and knows what is going wrong with a particular 
patient’s speech 

When results of the test are being evaluated, it is important to consider the massing of 
rrors. It is true that a severe defect in one language component may produce some impairment 
f other components 


John Martin, M.D., President, in the Chair 
Regular Meeting, Nov. 13, 1951 


Treatment of Temporal Arteritis with Cortisone. Dr. Sipney ScnuLMAN and Dr. 
DELBERT BERGENSTAL. 


rhe generally accepted method of treatment of temporal arteritis has been surgical resection 
t the involved portions of the superficial temporal arteries. This procedure usually results 


in striking relief of the local pain and tenderness but does not affect the general symptoms or the 


ourse of the disease, and does not provide prophylaxis against the frequent and severe ocular 

omplications from involvement of the retinal arteries \ variety of medical therapeutic 

approaches have been found ineffective Recently, however, two cases in which cortisone 


appeared to have induced a rapid cure have been reported (Schick, R. M.; Baggenstoss, A. H.; 
Fuller, B. F., and Polley, H. F.: Proc. Staff Meet., Mayo Clin. 25:492, 1950). The authors 
have observed a similar result in a third case. In all three cases symptoms had been present for 
mly slightly more than a month before treatment was begun. This represents a total duration 
# illness which is significantly shorter than the average of seven months in the natural course 
of the disease. No relapses were noted in any of the three cases during follow-up periods of 
approximately three months each after treatment was discontinued. Attention is also directed 
to a recent report of two cases of temporal arteritis in which aureomycin appeared to have a 


beneficial effect (Rice-Oxley, J. M., and Cook, A. M.: Lancet 1:2, 1951. 


DISCUSSION 


Dr. B. Bist I wonder whether Dr. Schulman or his associates, in their review of the 
literature, came across any instance in which the vessels of the brain stem were involved in 
this disease. I recall a case of temporal arteritis which had progressed to total blindness in 
} 


vhich brain-stem symptoms typical of thrombosis of the posterior inferior cerebellar artery 


i] 

| 
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developed. Unfortunately, the patient was taken home, and she died about six months later 


Permission for autopsy could not be obtained. I wonder whether the authors have any opinion 
in regard to this 


Dr. R. P. Mackay: May I ask whether there is any connection between temporal arteritis 


and polyarteritis (periarteritis) nodosa? The pathologic description of temporal arteritis is 
reminiscent of the anges in polyarteritis nodosa. Since the latter disease is said to respond 
rather well to cortisor nd corticotropin, the connection between the two might be intimate. 


Dr. StipNEY ScHULMAN: In answer to Dr. Boshes’ question: We found no reports in the 
literature of pathologically verified involvement of cerebral vessels, other than the retinal arteries, 
in cases of temporal arteritis 

In answer to Dr. Mackay’s question: It is true that some have considered temporal arteritis 
and polyarteritis nodosa as variants of the same disease, and it is said that in some instances 
the histologic appearance of temporal arteries in patients with temporal arteritis is indistinguish- 
able from that of affected arteries in polyarteritis nodos 


a. Generally, however, I believe that 
the two can be histologically distinguished. Further, the distribution in the vascular system is 
quite different, polyarteritis nodosa affecting small and medium-sized arteries, with emphasis on 
the visceral vascular bed, an mporal arteritis affecting the temporal arteries, the aorta, and 
some of the larger branches of the aorta, such as the common iliac and the subclavian arteries. 
Finally, when one considers certain clinical features of the two diseases, particularly the fact that 
polyarteritis nodosa is a uniformly fatal disease and affects chiefly young men, and temporal 
arteritis is self-limited and affects predominantly elderly women, the conclusion is inescapable, 
in the present state of knowledge, that temporal arteritis and polyarteritis 


iodosa are basically 
different 


I am not aware that the occurrence of eosinophilia in temporal arteritis has been reported. 


Relation of the Hypothalamus to Bulbar Poliomyelitis: A Clinicopathologic Study. 
Dr. A. B. BAKER, Minneapolis 


f bulbar 


poliomyelitis > hypothalamus was studied at three levels, namely, 


mamillary bodies, ( the level he tuber cinereum, and (3) the level 
The nuclei which were selected for study consisted of the supraoptic, 


the paraventricular, and the tuberal, in the anterior portion; the dorsomedial, the ventromedial, 
ind the lateral, in the middle portion, and the posterior and the mamillary, in the posterior 


portion of the Inflammatory changes were present in 85% of 


: the cases, while 
at least 5% or m« amage within one or more of the nuclear groups was shown in 61% 
During the act il of these patients revealed clinical evidence of 

dysfunction lrty patient inifested hyperthermia; 4 hypothermia; 10 


hypertension, and 16, gastrointestinal symptoms Twelve 


hypothalamic 
severe persistent 
patients who apparently had made a 
complete recovery from their bulbar poliomyelitis were subjected to a battery of tests of 
hypothalamic functior Six of these patients showed abnormal responses to these special tests 
It is apparent fr hes i iat the hypothalamus is commonly involved in bulbar 
poliomyelitis. A patient witl aged hypothalamus may be quite capable of sustaining 
existence in the protected environment of the hospital. However, under the stress situations 
if the normal envi nent he may acquire a large number of physical complaints, many of which 
may even jeopardize ul i careful evaluation of hypothalamic function 
in pol myelitis 1s ! jual with the determination of the extent and degree of 


muscular paralysis 1 will greatly aid the physician in pr 


properly advising his patient on discharge 
tron 


N 


Dr. Os nt t 1 the hypothalamus there was, I noted, considerable 


nvolvement of ibthalan ucleus of Luys. Have you ever noted any sort of involuntary 


movements poliomyelitis ? 


in the course of sectioning a formalin-fixed brain from 


oliomyelit was struck by the appearance of extreme hyperemia, and 
orrhages, in the hypothalamus only. On reviewing the history of this case, 
the illness were those of in nate app > (bulimia) and 


\ 
In 115 cases oi! 
1) the level of the 
ot the optic chiasn 
| 
DISCUSS 
Dr. J. A. LUnAN: Aboutayar al, 
a case tf bulbar 1 
even petechial hen 
I noted that the f 
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thirst, probably as a result of the severe involvement of the hypothalamus. Incidentally, in 
the same brain I found two symmetrical holes, the result of necrotic inflammatory softening, in 
the center of the reticular formation of the medulla oblongata, one on each side of the midline. 
Dr. Baker had already described such focal necrosis in his cases several years ago. My own 
experience in studying the histopathologic appearance in cases of poliomyelitis in Cook County 
Hospital for the past 11 years leads me to believe that some change in the propensity for necrotic 
change has occurred in the poliomyelitis virus, revealed by the appearance only within the last 
two years or so of such an acute necrotizing inflammatory reaction. I wonder whether Dr. 
Baker has observed any such transformation over the course of years in the histopathologic 
characterization of epidemic poliomyelitis 


Dr. H. Lapwic: I should like to ask Dr. Baker whether involvement of the bladder function 
is thought to be primarily mechanical in origin. 


Dr. Harotp Lawn: In the cases of hypothalamic involvement did the white blood cell 
count and the red blood cell count show any change? 


Dr. RicHarp Ricn7eR: I should like to add a random observation to Dr. Baker's systematic 
collection of data implicating the hypothalamus in the symptomatology of poliomyelitis. During 
a small local outbreak of the disease a year ago, a patient with the ordinary acute spinal 
poliomyelitis was admitted to my service on the third day of her paralysis, which was confined 
to the lower extremities. At no time did signs of bulbar paralysis or any degree of respiratory 
paralysis develop, and she never appeared to be anoxic. On the fourth day of her paralysis, 
which was also the last day of fever, she rather abruptly became subject to fits of excitement 
and panic and, at the same time, frequently dozed for short periods. There was also vasomotor 
collapse; her blood pressure fell to 80/60, and her pulse was rapid, and at times almost imper- 
ceptible. During the same period there was excessive thirst, and for four days the daily urinary 
output was between 5,000 and 6,000 cc. This is probably not a unique observation, but it is 
the only instance of diabetes insipidus caused by poliomyelitis of which I am aware. 


Dr. A. B. Baker, Minneapolis: My colleagues and I are now carrying out a detailed 


clinical study of all our cases of bulbar poliomyelitis in order to evaluate the significance of 
the various hypothalamic disturbances \t present we 
studies 


have completed our gastrointestinal 
From an attempt to correlate the nuclear changes in the hypothalamus with the severe 
gastrointestinal disturbances of these patients, it would appear that certain nuclear groups might 
well be more severely involved than others. The tuberal nucleus showed three times as much 
destruction as was seen in other cases of bulbar poliomyelitis, while the paraventricular nucleus 
showed twice as much involvement. This localization corresponds fairly well with that described 
in the literature in experimental animals 

I agree with Dr. Luhan that from 1946-1950 the virus of poliomyelitis has apparently been 
more virulent, producing in many cases an inflammatory necrosis of the nervous system. Prior 
to this time I do not recall having seen such severe inflammatory changes in this disease. 
Actually, however, the important pathologic process is the one that involves the nerve cells 
The inflammatory necrosis is striking histologically, but is important clinically only because 
of the extent to which it implicates the neurons. 

I do not know why patients with bulbar poliomyelitis have bladder disturbances. From our 
studies so far, we have not arrived at an answer to this question 

None of our patients with hyperthermia secondary to hypothalamic disturbances showed 
changes in the white blood cell count, which in most cases remains within normal limits. 

I believe Dr. Richter’s comments are important. For some time we have questioned the 
occurrence of a purely spinal type of poliomyelitis. Clinically, the patient may appear to have 
involvement only of the spinal cord, but one wonders whether pathologically the entire nervous 
system may not be affected, with the spinal cord showing the predominant implication. Certainly, 
many patients with clinical involvement of the spinal cord alone probably have widespread 


damage to the nervous system, which could well account for the symptoms manifested by Dr. 
Richter’s patient 


| 

| 
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Cryptococcosis (Torulosis): Clinical and Experimental Studies. Dr. Witiiam H 
MOoOsBERG JR 


With the help of lantern slides, the following studies were discussed 


1. Subcultures of Cryptococcus neoformans isolated from the central nervous system of 
30 patients with cryptococcosis were collected. The behavior of this group of organisms was 
then studied on 26 sets of carbohydrate media (Mosberg, W. H., Jr., and McAlpine, J. D.: 


Torulosis of the ntral Nervous System: Biochemical Behavior of the 


Bull. School Med iv. Maryland 36:122-125 [July] 1951 
2. It was found possible to produce cryptococcosis of the central nervous system by intra- 


cranial inoculation in mice, guinea pigs, rabbits, cats, and dogs. Only the mouse could be 
consistently infected (Smith, G. W.; Mosberg, W. H., Jr.; Manganiello, L. O. J., 
de Choudens, J. A., to be published). 


Su 


Causative Organism, 


and Alvarez 


ice there are apparently differences in virulence among different strains of C. neo- 
formans, a method of offering a prognosis as to life expectancy is desirable. The length of 
survival of a mouse after intracranial injection of a given subculture is roughly proportional to 
the length of survival of the human patient from whom that 


organism was cultured. J. S 
Wagner and G. W. Smith (unpublished experiments) 


believe that this mouse virulency test 
may be used as a method of offering a prognosis as to life expectancy in cases of human 
cryptococcosis. 


{ to be a factor in the growth ot C. neoformans. Patients have been 
treated with large doses of alkalinizing substances (Mosberg, W. H., Jr., and Arnold, J. G., Jr 
Inn. Int. Med. 32:1153-1183 [June] 1950. Mosberg, W. H., and Alvarez de Choudens, J. A 
t 2:1259-1260 [June 9] 1951) 


5. Laboratory studies suggest that alkalinization and fever might be advantageously combined 
in the treatment of human cryptococcosis (Mosberg, W. H., and Alvarez de Choudens, J. A 
Lancet 1:1259-1260 [June 9] 1951) 


PHILADELPHIA PSYCHIATRIC SOCIETY 


Hugo Mellar, M.D., President, in the Chair 
Regular Meeting, Oct. 4, 1951 


Vocational Rehabilitation in a Neuropsychiatric Hospital. Joun C. Puitwips, Coates 
ville, Pa. 
The vocational rehabilitation of a neuropsychiatric patient leaving the hospital is of primary 
importance to his over-all adjustment The vocational rehabilitation unit of the Veterans 


Administration Hospital at Coatesville is charged with the task of bringing about favorable 


vocational conditions for the patient, so that he may have a maximum chance to make 


a good 
adjustment in society 


rhe patient undergoes a thorough program of testing—intelligence, interest, 


achievement, 
and special aptitude tests are administered. 


Information on personality factors is obtained from 
the psychiatrist and the clinical psychology service. These test results are considered in the 
light of the general medical, psychiatric, social, educational, and vocational histories. A deter- 
mination is made as to the vocational areas in which the patient is best fitted to work, and a 
thorough discussion of these with members of the hospital team narrows the field t 
suitable occupations. 


oa few 
Che patient takes part in interviews with the vocational counselor, who 
interprets the results of the testing program and discusses with him possible courses of future 
action. Group-guidance meetings offer occupational information and motivate the patient 


As a matter of preparing the way for acceptance of patients with a neuropsychiatric history, 


vocational conterences are held for business men and labor leaders of communities served by 
the hospital \ full one-day 


the patient 


program acquaints them with the rehabilitation possibilities of 


[wo cases were cited. Patient A, hospitalized 13 years, carried the diagnosis of dementia 


praecox, paranoid type had no significant vocational background. Eleven months after 
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leaving the hospital, he has earned a promotion in a painter's job. Patient B, hospitalized 
numerous times over four years, carried the diagnosis of traumatic encephalopathy and chronic 
alcoholism, and had had an enucleation of the right eyeball. He was placed in a work-adjustment 
program, and then was given a position as stock clerk in a chain food store. He has earned a 


promotion 


Electroshock as an Adjunct to Nutritional Therapy: Presentation of Film. 


Nutritional difficulties frequently arise in resistive patients with long-term psychoses, despite 
availability of adequate diet and personal care. Occasionally, some of these patients become 
progressively emaciated to a point that malignant disease is suspected. In the author’s experience, 
electroshock followed by total-push therapy has proved a valuable means of reestablishing ideal 
weights, with concomitant psychiatric improvement. The progress of two such patients from 
an emaciated state to nutritional balance was portrayed in the film 


Functioning of the Psychological Service at Veterans Administration Hospital, 
Coatesville, Pa. Dr. MArGaret Mercer, Coatesville, Pa 


Since competent clinical psychologists are scarce and all psychological services are likely to 
be understaffed, it is necessary to decide what are the most important contributions the service 
can make to the total hospital program 

The work of the clinical psychology service at Coatesville may be described under the three 
main headings: testing, teaching, and research. 

\t present, the research projects are limited to a type designed to answer definite and 
immediate questions. Larger staffs may be free to work on projects of long-range value, but we 
cannot at present, in justice to immediate needs of patients 

Since this institution is a teaching hospital, teaching responsibilities are heavy. A course 
in mental hygiene has been developed for affiliate nurses, and there is a weekly psychology 
seminar for residents. The seminar is designed to help the resident use psychological reports 
effectively and to acquaint him with psychological research, which is also of interest to psychi- 
atrists and neurologists. The hospital carries on a psychiatric orientation program for under- 
graduate medical students, to which the psychological service is giving an increasing amount 
of time. The work with these students is planned to give the student a brief introduction to the 
dynamics of intellectual functioning and the impact of psychosis upon it, as well as elementary 
consideration of personality dynamics as reflected in projective tests. The students take some 
tests themselves if they wish and have conferences on the psychological examinations of the 
patients assigned to them for intensive study 

Over one-half the time of the psychological service is spent in testing. If a testing service 
is to make a genuine contribution to the study of patients, the psychologist must take 
responsibility for making clear its structure and function to the other professional services. 

It has been our experience in this situation that we learn very rapidly to work together 
rhe speed and enthusiasm with which residents learn to make really intelligent use of psycho- 
logical service make clinical psychology in a neuropsychiatric hospital a very satisfying job 
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News and Comment 


ANNUAL CHARLES A. ELSBERG LECTURE 


Dr. Gilbert Horrax, neurosurgeon to the Lahey Clinic, to the New England Deaconess 
Hospital, and to the New England Baptist Hospital, Boston, will deliver the annual Charles A. 
Elsberg Lecture, established by the New York Society of Neurosurgery, on Tuesday, March 18, 
1952, at the New York Academy of Medicine, 2 East 103 St.. New York, at 8:30 p. m 
Dr. Horrax has chosen for his subject “The Development of Brain Tumor Surgery.” 


APPOINTEES TO EDITORIAL BOARD OF NEUROPSIQUIATRIA 
The following persons have been appointed to the editorial board of Neuropsiquiatria, 
published in Buenos Aires: W. Bruetsch; W. Freeman; P. Hoch; M. Moore; T. Putnam; 
R. Wartenberg 


Book Reviews 
Health and Human Relations in Germany. Report of the Second Conference on Problems 
of Health and Human Relations in Germany, Williamsburg, Va., December, 1950. Pp. 30 
Josiah Macy Jr. Foundation, 565 Park Ave., New York 21, 1951. 


An opportunity to carry further the work of the Princeton conference came when several 
Germans attended the White House Conference on Children and Youth. A meeting was 
arranged at Williamsburg, with Dr. John R. Rees again serving as chairman. At this con 
ference there were, as before, American, English, and French participants, but more Germans 
The German members pointed out that the statements about German character (pages 49-54 
of the report of the first conference) were somewhat questionable; so the following statement 
was prepared and unanimously adopted: 

“The Williamsburg conference is of the opinion that the attempt to explain historically and 
psychologically the nature and origin of the German character, as outlined in the report of the 
Princeton conference on pages 49 to 54, is affected by the historical period in which it was 
written and is a somewhat one-sided post-war document. This attempt is not wholly just. The 
explanation as given does not consider sufficiently Germany’s particular geographical position, the 
specific features of the development and structure of German economy, with their special social 
and cultural effects. The Williamsburg conference believes that the attitudes expressed in the 
Princeton report on pages 92 to 121 contain a more adequate understanding of the present-day 
German situation. 

“The Williamsburg conference believes that very careful cooperative efforts of historians, 
psychologists, and sociologists, working closely together, will be needed in order to arrive at a 
more reliable picture of the German character. 

“The Williamsburg conference desires most sincerely to make a contribution to prevent 
prejudices and to create a spirit of genuine, constructive cooperation based on sincere mutual 
understanding.” 

The rest of the conference was largely taken up in discussing one by one each of the thirteen 
special recommendations made at the Princeton conference. 


Frontal Lobotomy and Affective Behavior: A Neurophysiological Analysis. By John 
F. Fulton. Price, $3. Pp. 160, with illustrations. W. W. Norton & Company, Inc., 101 Fifth 
Ave., New York 3, 1951. 


This small volume represents the Salmon Lectures for 1950. Fulton was slow to see the 


implications of his work with Jacobsen on the relation of frontal lobotomy in the chimpanzee 


to the use of frontal lobotomy on man for the relief of mental disorders and pain. In fact, it 
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was ten years before he organized a research program at Yale to bring about an understanding of 
the neurophysiologic alterations that go along with the psychologic alterations after lobotomy 
and similar procedures. Now he is making up for lost time, and in this monograph he is able 
to refer to a large number of studies under way at Yale and elsewhere, the results of which will 
probably be published in due course 

Fulton 


s a neurophysiologist, and the material at his disposal is so vast that he cannot do 
justice to it all. There are so many perplexing, confusing, and contradictory results that his power 
of analysis tends to break down when he compresses the results into such small compass. The 
result is that he comes up with some shrewd guesses that may or may not prove to be the correct 
ones. For instance, he champions a modification of lobotomy used by Grantham on a handful 
of patients (whom Grantham reported as 22 patients subjected to 35 operations for the relief of 
unbearable pain). Fulton may, indeed, be correct in pointing to the inferior medial quadrants 
of the frontal lobes as of major importance in the relief of pain. However, he is really sticking 
his neck out when he recommends resection of the cingulate area in disturbed schizophrenic 
patients, and his designation of the “orbito-temporo-cingulo-amygdaloid region” as a proper field 
of operations for the relief of slowed-up, inhibited patients covers a great deal of territory, to 
say the least. Fortunately, the connections of one part of the brain with another, as revealed 
by physiologic neuronography and other methods, attract his major interest, and in this respect 
the monograph is a useful one in collating the advances in this particular field. 


Electroencephalography in Clinical Practice. By Robert S. Schwab, M.D. Price, $6.50. 
Pp. 195, 106 illustrations. W. B. Saunders Company, 218 W. Washington Sq., Philadelphia 
5, 1951. 


With the remarkable pioneering of the Cambridge and St. Louis schools of neurophysiology, 
most of the mystery of the working mechanism of single axons was unraveled and reduced to 
the level of simplicity and reliability of a mathematical equation. Berger’s introduction, in 1929, 
of a method of observation applied to the baffling complexity of neuronal aggregates, was, at the 
same time, fascinating and discouraging. The fact that the science of electroencephalography 
received immediate clinical application, before the fundamental nature of brain waves was 
investigated, that, in other words, the pioneer electroencephalographer of two score years ago 
] 


was deluged with a multitude of practical inquiries before the ink was dry on the first record 


ever taken, gives us only the measure of avidity for knowledge of those to whom this book is 
dedicated: neurologists, internists, pediatricians, psychiatrists, and neurosurgeons. Electro- 
encephalography grew up in our time, and members of the medical profession assumed toward it 
a wide range of positions, with blind faith and ultraconservative incredulity at the extremes, 
depending on individual attitudes toward scientific insecurity. Something new in medicine was 
also added to this confusion, namely, the uncomfortable feeling of not quite understanding the 
seemingly “way-over-my-head” language of the electroencephalographer, which a practicing 
physician often considered supramedical, but which physicists often derided as being infra- 
technical. Now comes this book, written in simple, conversational style, with the badge of 
common sense affixed to every chapter head. The author has written with a laudable sense of 
perspective and proportion, without rationalization when dealing with imponderables and without 
patronization when tackling a seeming certainty. He has even written with humor. A fellow 
electroencephalographer finds few points with which to argue; if some signs of dogmatism are 
noted (e. g., “the normal sleep record is of course bilaterally symmetrical”), he may write them 
off as inevitable in a book that admittedly tries to be simple—as long as it is not misleading. 
Chis book is a “must” for those interested in electroencephalography. Any future complaint 
that there is not enough interdisciplinary understanding, or that—we heard it often—electro- 
enc ‘phalographers hide their uncertainties in their own semantic smoke screen, will no longer 
be tair and, even less, justified. 
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BLYTHEWOOD 


Founded in 1905, BLYTHEWOOD provides a dignified estate setting for the 
diagnosis, care and treatment of all types of nervous and mental disorders, including 
selected cases of alcohol or drug addiction. 


Eighteen separate buildings and individual cottages supply complete classifica- 
tion and facilities to meet individual needs. 

All recognized types of psychiatric, physical, occupational and recreational ther- 
apies are available and utilized as indicated in particular cases. 

Access to and from the metropolitan area of New York City by either rail or 
automobile is quick and convenient. 
Stanwich Road, Greenwich, Conn. Greenwich 8-4100 


GEORGE W. HENRY, M.D. 
Medical Director 


Justillien H. Foret, M.D. Gerald R. Jameison, M.D. 


Resident Psychiatrist Chief Consultant in Psychiatry 


gardens, orchards, nursery and greenhouse and many 
acres under cultivation. 
Patients may stroll through open fields, along shaded 
lanes or beside Blind Brook which flows through a 
wooded section of the estate. They may engage in farm 
activities, work in the gardens, play tennis, croquet 
or golf, or participate in various forms of occupa- 
tional therapy. 
The privileges of a private home are afforded to visi- 
tors. Relatives and friends may live at Brooklea 

A convalescent home to provide care and treatment when this is an aid to treatment. 

for patients convalescing from physical illness or suf- 

fering from mild personality § disorders. Medical 

treatment is provided by the consulting and referring BROOKLEA FARM 

staff. Psychotherapy by resident and associated psy- Rt. 120A, King St., Port Chester, N. Y. Tel.: Port Chester 5-0333 

chiatrists. Nursing and dietetic needs are met by New York office: 11 East 71st St. Tel.: Trafalgar 9-2660 


trained personnel. 
Brooklea Farm is an 80-acre country estate which GEORGE Ww. HENRY, M.D. 
includes a dairy, poultry farm, vegetable and flower Psychiatrist-in-charge 


The school programs are directed by an excellent staff of teachers in 
special education; a speech therapist, recreational and occupational 
for children with therapists and a clinical psychologist. 


\ training center in special education for student teachers at the 


educational, emotional (Uyiversity of Michigan 


or speech problems Complete reports sent to referring physicians at end of each term. 
Licensed by the Department of Public Instruction. 


Registered by the A.M.A. Member American Hospital Association. 


For catalog and information address THE REGISTRAR, 1700 Broadway, Ann Arbor, Michigan 
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North Shore Health Resort 


on the shores of Lake Michigan 
WINNETKA, ILLINOIS 
NERVOUS and MENTAL DISORDERS 
ALCOHOLISM and DRUG ADDICTION 


Modern Methods of Treatment 


MODERATE RATES 


Established 1901 
Licensed by State of Illinois 


Fully Approved by the 


American College of Surgeons 


SAMUEL LIEBMAN, M.S., M.D. 
Medical Director 


225 Sheridan Road 


Winnetka 6-0211 


ADAMS HOUSE 


Established 1877 


A non-commitment sanitarium and clinic, 
club-like in physical setting and atmos- 
phere, applying re-educational psycho- 
therapeutic methods in the study and 
treatment of the psychoneuroses exclu- 
sively. 

Located in suburban Boston contiguous to and 

overlooking the Arnold Arboretum 


James Martin Woodall, M.D., Medical Director 


990 CENTRE STREET, BOSTON, 
Jamaica Plain, MASS. 


BALDPATE, INC. 


Georgetown, Mass. 
Geo. 2131—Boston Office Be.-2-3911 


For the treatment of psychoneuroses, 
personality disorders, psychoses, alcohol- 


ism and drug addiction. 


Psychotherapy is the basis of treatment ; 
other methods such as shock therapy, 
malaria and fever box are used when 


indicated. 


Occupation under a trained therapist, 


diversions and outdoor activities. 


G. M. Scutomer, M.D., Medical Director 
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HIGHLAND HOSPITAL, INc. 


FOUNDED IN 1904 ASHEVILLE, NORTH CAROLINA 


AFFILIATED WITH DUKE UNIVERSITY 


A non-profit psychiatric institution, offering 
modern diagnostic and treatment procedures — 
insulin, electroshock, psychotherapy, occupa- 
tional and recreational therapy—for nervous 
and mental disorders. 


The Hospital is located in a sixty-acre park, 
amid the scenic beauties of the Smoky Mountain 
Range of Western North Carolina, affording 
exceptional opportunity for physical and nervous 
rehabilitation. 


The OUT-PATIENT CLINIC offers diag- 
nostic services and therapeutic treatment for 
selected cases desiring non-resident care. 


* * 


R. CHARMAN CARROLL, M.D. 
Diplomate in Psychiatry 
Medical Director 
ROBT. L. CRAIG, M.D. 


Diplomate in Neurology and Psychiatry 
Associate Director 


PAMPHLETS 
Vision 
New Eyes for Old (Corneal Transplant). Max Fine 
10 pages 20 cents 


Whom Shall | Consult About My Eyes? F. T. Jung. 
8 pages. 15 cents. 


Eyes—Right! Audrey McKeever. 14 pages. 15 cents. Cataract. Abram B. Bruner. 12 pages. 15 cents 


Glaucoma. Arthur A. Knapp. 12 pages. 15 cents 


How to Save Your Eyes. Cleo Du Bois 4 pages 

15 cents. Please remit with order 
Should Your Child Wear Glasses? J. Robert Burke. 

12 pages 15 cents AMERICAN MEDICAL ASSN. 


Color Blindness. lean Farnsworth and Conrad Berens. 


2 pages. 15 cents 535 N. Dearborn St. © Chicago 10 


“Beverly Farm” HOME AND SCHOOL FOR 
INCORPORATED Nervous and Back- 


Founded 1897 


INCORPORATED 1922 war d Childr en 


11 buildings Can accommodate 200 children, 
220 acres of land 

mprovements for a larger num- 
300 feet above oper ber. Can accept some suitable 
Mississippi River case for life. 


Address all communications to DR. GROVES B. SMITH, SUPERINTENDENT 
“Beverly Farm” GODFREY, MADISON COUNTY, ILLINOIS 
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“Twenty Minutes from Times Square” 


RIVER CREST SANITARIUM 


ASTORIA, L. L., NEW YORK CITY 
A MODERN SANITARIUM for NERVOUS and MENTAL 
patients with special facilities for ALCOHOLIC cases 


Physicians are invited to cooperate in the treatment of 
patients recommended. 


All Types of Recognized Therapy 
REASONABLE RATES 
Exceptionally located in a large beautiful private park 
ASILY ACCESSIBLE BY ALL CITY RAPID TRANSIT 
LINES. 
Six attractive buildings, with complete classification. 
information on Request 
LAYMAN R. HARRISON, M.D., Physician in Charge 
JOHN CRAMER KINDRED, M.D., Consultant 
Long Established and Licensed—On A. M. A. Registered 
Hospital List 


BELLE MEAD, N. J. 
For NERVOUS, MENTAL and ALCOHOLIC patients and 
ELDERLY people. 
FOUR ATTRACTIVE MODERN BUILDINGS with 
PROPER CLASSIFICATION 
Scientific Treatment—Efficient Medical and Nursing Staff 
Occupational Therapy 
BOOKLET SENT ON REQUEST 
Located on 300 ACRE MODEL FARM, at the foot of the 
WATCHUNG MOUNTAINS—1\ hours from NEW YORK 
or PHILADELPHIA, via Reading R. RK 
JOHN CRAMER KINDRED, M.D., Consultant 
| Belle Mead 2! 
| New York—AStoria 8-0820 
hed and Licensed—On A. M. A. Registered 
Hospital List 


Telephones 


Long E 


THE LIVERMORE SANITARIUM 


LIVERMORE, CALIFORNIA 


San Francisco Office 


- 450 Sutter Street 


For the Treatment of Nervous and Mental Diseases 


THE HYDROPATHIC 
Cottage Department, 
San Francisco; 


for mental 


ideal climate; large 


DEPARTMENT, for nervous and general patients; the 
patients. 


FEATURES: 
beautiful grounds; 


near Oakland and 
hydrotherapy, athletic 


and occupational departments; clinical laboratory; large trained nursing force. 


Rates include these facilities: 


Booklet on request. 


O. B. JENSEN 


Room, suitable diet, 


, M.D., Superintendent and Medical Director 


and general nursing care. 


Consulting—J. W. Robertson, M.D. 


Your 


"experience exchan ge’ 


> in the 


field of Skin 
Diseases and Syphilis—A valuable guide 


in your Practice— 


A.M. A. Archives of DERMATOLOGY and SYPHILOLOGY 


SIGNIFICANT DEVELOPMENTS reported monthly to the 


specialist and the 
hospitals, clinics and 
and abroad, A. M. 
SYPHILOLOGY 


ment and diagnosis, 


physician in general practice. 


From 


government treatment centers here 
A. Archives of DERMATOLOGY 


gathers news of current trends 


and 


in treat- 


group case studies, clinical notes and 


comments on cutaneous conditions and syphilis. 


Well illustrated. 


Ably edited. 


AMERICAN MEDICAL ASSOCIATION 


535 N. Dearborn St., Chicago 10, Illinois. 
Pl Beg My Subset 


t ption ¢ A M A Archives of 
DI RMATOLOGY and SYPHILOLOGY 


with the Next Issue 


2.00 YEARLY 


$13.50 FOREIGN $12.40 CANADIAN 
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Appalachian fall 


An institution for rest, 
convalescence, the diag- 
nosis and treatment of 
nervous and mental dis- 
orders, alcohol and drug 
habituation. 


> 


\ppalachian Hall is located in 

Asheville, North Carolina. Ashe 

ville justly claims an unexcelled 

ill year round climate for health 

ind comfort. All natural cura- 

tive agents are used, such as 

physiotherapy, occupational therapy, shock therapy, outdoor 

sports, horseback riding, etc. Five beautiful golf courses are 

available to patients Ample facilities for classification of 
patients. Room single or en suite with every comfort and 


and further . 
onvenience 


information, write 


APPALACHIAN HALL M. A. Griffin, M.D. 


Asheville, North Carolina Wm. Ray Griffin, M.D. 


CITY VIEW SANITARIUM 


For the diagnosis and treatment of mental and nervous disorders, alco- 
holism and drug addictions. 


I:stablished in 1907 by the late John W. Stevens, M.D. Fifty-two acres 
near city. Separate buildings for men and women. Two full-time psy- 
chiatrists. Electric shock and insulin therapy in selected cases. Psycho- 
therapy. Occupational therapy. Adequate laboratory facilities. 


NASHVILLE, TENNESSEE 


Founded 1879 


RING SANATORIUM 

Eight Miles from Boston at an Elevation of 400 Feet 
For the study, care and treatment of emotional, mental, personality, and habit dis 
orders. 
All recognized psychiatric therapies are used as indicated 
Cottage accommodations meet varied individual needs. Limited facilities for the 
continued care of progressive disorders requiring medical, psychiatric, or neur 
logical supervision CHARLES E. Wuire, M.D 


BENJAMIN SIMON, M.D WLiuIAM R. SHELTON, M.D 
Director 


issoctates 
Arlington Heights, Massachusetts Consultants in all specialties 
Telephone AR 95-0081 Francis W. Russe 


Executive Secretary 


=, 
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short-acting Te ta/ 


requires only about .. . 


the dosage of many other barbiturates 


Waere sleepless nights pose a problem, only one 50-mg. (*4-gr.) capsule 
of short-acting NEMBUTAL often is enough to lull your patient 
into lethargy, followed by soothing slumber. 
Because the dosage is smaller—only about half that of many other 
barbiturates—there is less drug to be inactivated, little tendency 
toward cumulative effect and “‘morning-after” logginess. 
Remember that with short-acting NEMBUTAL you can produce, 
by adjusted dosage, the exact degree of depression you need 
from mild sedation to profound hypnosis. 
Remember, too, that the complete NEMBUTAL line offers you a wide variety 


of small-dosage sizes for oral, rectal or intravenous administration. For your 
revised copy of ‘44 Clinical Uses for NEmBUTAL” 
write Abbott Laboratories, North Chicago, Illinois. Abbott 


In equal oral doses c For Insomnia and Simple Sedation 
no other barbiturate combines hs try the 50-mg. (%-gr.) 
QUICKER, BRIEFER, f NEMBUTAL SODIUM CAPSULE 
MORE PROFOUND EFFECT (Pentobarbital Sodium, Abbott) 


Ss 
. 


